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WIDE  AREA  ILLUMINATOR  DEVELOPMENT  FOR 


U.S.  COAST  GUARD  HH-3F  HELICOPTER 

1.  INTRODUCTION  As  a result  of  a meeting  between  personnel  from  the 
Office  of  Research  and  Development,  United  States  Coast  Guard  Headquarters, 
and  the  Night  Vision  Laboratory  (NVL) , the  Coast  Guard  representatives  re- 
quested a proposal  from  NVL  for  the  definition  and  design  of  a wide  area 
illuminator  to  be  mounted  on  the  HH-3F  helicopter  to  aid  in  search  and 
rescue  operations  at  night.  See  Figure  1 for  a photograph  and  description 
of  the  HH-3F.  A proposal  was  forwarded  to  Coast  Guard  Headquarters  in 
May  1975  that  resulted  in  funding  under  MIPR  Number  Z-70099-5-53939  for  the 
following  scope  of  work  as  stated  in  the  proposal: 

TA..R  I - DEFINITION  OF  DESIGN  REQUIREMENTS 

A literature  search  and  systems  analysis  will  be  conducted  to  identify  and 
define  the  design  criteria  necessary  to  visually  acquire  and  identify  the 
objects  of  helicopter  searches  conducted  at  night  with  light  sources.  This 
analysis  will  include  but  not  be  limited  to  consideration  of  the  following: 

a.  color  contrast  requirement 

b.  illumination  levels  required 

c.  problems  of  backscatter 

d.  light  location  and  controllability 

e.  shape  and  orientation  of  the  beam  pattern 

f.  relationship  between  object  size  and  illumination  level 

g.  methods  of  target  enhancement 


1 


tigure  i.  HH-jF  U.S.  Coast  Guard  Search  and  Rescue  Helicopter.  Built  by 

Sikorsky  Aircraft  Company  to  Coast  Guard  specifications,  the  HH-iF 
is  powered  by  two  1,500  horsepower  General  Electric  T-58-5  gas 
turbine  engines.  It  has  a top  speed  under  normal  power  of  142 
knots  (16}  miles  per  hour).  Its  cruising  speed  is  130  knots  or 
150  miles  per  hour.  Two  auxiliary  tanks  give  the  aircraft  a fuel 
capacity  of  more  than  i,100  gallons  and  a range  of  nearly  700 
miles.  it  can  fly  345  miles  out  to  sea,  automatically  hover  for 
20  minutes,  pick  up  six  survivors,  and  return  to  land.  Tlie  HH-3F 
is  designed  with  a cabin  space  of  20  by  6 by  6 feet,  a rear  ramp, 
and  a starboard  side  door  equipped  with  a rescue  platform. 

Sponsons  and  pop-out  flotation  hags  are  provided  for  rough  water 
landings  and  pickups.  It  has  an  external  hoist  with  240  foot  cable 
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h.  aircraft  safety 

i.  size  of  the  area  to  be  searched 

As  a baseline, a man  in  the  water  wearing  an  approved  life  jacket  will  be 
considered  the  object  of  the  search.  He  will  have  no  active  means  of 
attracting  the  attention  of  the  helicopter  crew  except  by  his  physical 
presence.  The  helicopter  will  search  at  an  altitude  of  500  feet  and 
at  a speed  of  75-100  knots.  Data  on  the  reflectivity  of  typical  life 
jackets.  Coast  Guard  Search  methods,  HH-3F  configuration  and  limitations, 
as  well  as  the  results  of  previous  Coast  Guard  work  related  to  this  effort 
will  be  provided  by  the  Coast  Guard  at  the  beginning  of  the  program.  NVL 
has  established  a computer  search  program  and  believes  this  program  will 
be  useful  in  obtaining  results  for  this  program. 

TASK  II  - DETERMINATION  OF  LIGHT  SOURCE 

Based  on  the  results  of  Task  I,  a detailed  survey  of  available  light 
sources  will  be  conducted.  Comparisons  between  the  existing  light  sources 
will  be  made  to  determine  the  one  which  best  meets  the  technical  character- 
istics defined  in  Task  I.  Modifications  which  can  be  made  to  existing 
light  sources  will  be  considered  in  the  selection  of  the  best  approach. 

Choice  of  the  light  source  will  be  based  in  part  on  the  following  limitations 
provided  by  the  Coast  Guard: 

a.  250  pound  weight  limit 

b.  HH-3F  aircraft  interface  limitations 

c.  12  KVA  of  115/200  volt,  3 phase  400  HZ  power. 

TASK  III  - PREPARATION  OF  TECHNIGAL  SPEGIFICATION 

Prepare  detailed  design  and  performance  specifications  suitable  for 
competitive  procurement  for  a prototype  lighting  system  based  on  the 


results  of  Task.  II.  Prepare  a cost  estimate  for  the  proposed  procurement. 


TASK  IV  - PREPARATION  OF  TEST  PL/\N 

Prepare  a detailed  Test  Plan  (TP)  for  testing  and  evaluation  of  the  proto- 
type light  system.  This  TP  will  cover  both  laboratory  and  field  evaluations. 
The  TP  will  include  but  not  be  limited  to  the  requirements  for  test  equip- 
ment, test  sites,  and  methods  of  collecting  and  analyzing  the  data.  Close 
coordination  with  the  Coast  Guard  will  be  required  with  respect  to  available 
facilities  and  Coast  Guard  test  philosophy. 

TASK  V - PROGRAM  MANAGEMENT  AND  PREPARATION  OF  FINAL  REPORT 
The  program  management  effort  will  provide  for  close  coordination  between 
the  Night  Vision  Laboratory  and  the  U.S.  Coast  Guard  as  well  as  coordination 
between  the  various  elements  within  the  Night  Vision  Laboratory.  This 
program  management  effort  will  also  include  a monthly  progress  report. 

A draft  final  report  covering  the  work  accomplished  under  Tasks  I thru  IV 
will  be  prepared  and  submitted  for  U.S.  Coast  Guard  review.  After  appro- 
priate review  by  U.S.  Coast  Guard,  the  final  report  will  be  completed. 

There  are  four  deliverable  items  required  under  this  MIPR.  They  are 
as  follows: 

1.  monthly  progress  reports 

2.  purchase  description  for  the  illuminator 

3.  test  plan  for  the  illuminator  hardware 

4.  final  report 


Section  II  of  this  report  describes  the  development  of  the  search  model 


for  the  Coast  Cuard  application.  Section  III  covers  application  of  the 
search  model  to  the  particular  problem  using  the  constraints  and 
objectives  as  inputs.  From  a list  of  five  prime  candidate  light  sources, 
one  is  then  selected  as  the  preferred  source  using  the  probabilities  of 
detection  for  each  gained  from  the  model  output.  General  conclusions  are 
discussed  in  Section  IV  partially  in  terms  of  the  planned  continuation 
of  the  effort  for  the  hardware  to  be  developed  and  tested.  Appendix  A 
is  the  Fortran  code  for  the  search  model.  Appendix  B is  the  purchase 
description  including  laboratory  test  requirements  and  finally  Appendix  C 
is  the  test  plan  for  the  illuminator  when  mounted  on  the  HH-3F. 


II.  SEARCH  MODEL  An  eyeball  lobe  search  model  has  been  developed  at 

NVL  and  it  is  this  model  that  was  adapted  for  the  Coast  Guard  application 
i 

and  applied  to  the  situation  of  night  search  at  sea  with  a floodlight  system. 
The  search  process  of  the  eye  in  an  unstructured  field  such  as  the  sky  or 

« 

a relatively  calm  sea  has  been  modelled  as  a random  process  utilizing  a 
detection  lobe  concept.  A detection  lobe  is  defined  as  a circular  area 

t' 

about  the  center  of  fixation  of  the  eye  within  which  detection  is  defined 
to  be  100  percent  and  outside  0 percent.  A lobe  is  a function  of  the 
I.'  light  level  presented  to  the  eye  and  the  target  parameters  of  angular  size 

and  brightness  contrast.  The  detection  lobe  has  been  measured  for  many 
different  target  sizes  and  contrasts,  however  there  is  little  data  on  the 
performance  of  off-axis  vision  at  varying  light  levels.  This  model  predicts 

. i 
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both  on  and  off-axis  vision  for  all  conditions  based  on  the  known 
physiology  of  the  eye.  Additionally  a discussion  of  the  treatment  of 
backscatter  from  a wide  area  illuminator  is  included. 

BASIC  MODEL  The  probability  of  acquiring  a target  in  time  t for  an 
unstructured  field  can  be  given  by  an  equation  of  the  form: 


P(t) 


PjCl-e"^*^) 


, t 


(1) 


Here  Pj^  is  tlie  probability  that  the  target  will  ever  be  detected.  In 
the  limiting  case  of  an  unstructured  field  this  will  be  the  probability 
that  if  the  observer  fixates  the  target  foveally  he  will  detect  it, 
times  the  probability  that  he  will  fixate  the  target.  The  term  a in  the 
exponential  is  the  value  that  describes  the  search  performance  since  it 
will  determine  how  quickly  the  curve  will  rise.  The  form  for  a is: 


(2) 


A t 
S g 


where  A is  the  area  of  the  eyeball  lobe  for  the  target  and  light  level, 

£ 

A is  the  search  area  to  be  investigated  and  t is  the  fixation  time  for 
b g 

the  eye  taken  to  be  .3  seconds.  The  implied  assumptions  here  are  that 
the  eye  lobe  is  sufficiently  small  with  respect  to  the  search  area  such 
that  there  is  little  wasted  search  on  the  Perimeter  of  the  search  field, 
and  that  the  time  between  fixations  is  sufficiently  small  with  respect 
to  tg  that  it  may  be  ignored. 


VALIDATION 


The  success  of  this  teciinique  will  depend  on  how  well 


one  models  the  eyeball  lobes.  Figure  2 shows  the  agreement  of  this  model 
prediction  witli  measured  lobes  of  Erickson  and  Burge. ^ The  light  level 
dependence  of  the  lobes  is  attributed  to  increased  sensitivity  in  the 

periphery  for  low  light  levels.  Tliis  effect  of  light  level  on  the  lobes 

is  shown  in  Figures  3 and  4.  To  validate  equation  (2)  as  a viable 
method  for  a zero  clutter  search  model  we  went  to  an  experiment  performed  by 
Smith  and  Davies  of  the  Royal  Aircraft  Establishment  (RAE) . This  experiment 
was  for  an  observer  to  detect  an  aircraft  approaching  in  a clear  sky.  This 
situation  was  simulated  with  imagery  projected  on  a wide  screen.  Figure  5 
shows  the  agreement  of  the  model  predictions  with  results  of  the  R<\E 
experiment  for  different  simulated  weather  conditions. 

APPLICATION  TO  COAST  GUARD  SEARCH  AND  RESCUE  The  Coast  Guard  is 
interested  in  continuously  improving  its  capability  for  search  and  rescue 

at  night.  To  effect  an  improvement,  a request  was  made  of  NVL  for 

assistance  in  the  design  and  selection  of  a wide  area  illuminator  for  \ 

helicopter  search  and- rescue.  As  a consequence,  a computer  code  was 
developed  around  the  search  model  described  previously.  In  order  to  do  a 
design  tradeoff  analysis  one  must  consider  the  parameters  of  the  illuminator. 


1.  "Air-to-Ground  Visual  Acquisition  of  Tactical  Targets" 
Ronald  A.  Erickson,  AD246315 
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TARGET  AREA,  MIN^ 


Figure  2.  Circular  Target  Detection  (Erickson  and  Burge) 
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Target 


Figure  4.  Lobe  Size  as  a Function  of  Target  Size  and  Contrast 
as  Presented  to  the  Eye  (Light  Level  = 0.1  ft  L) 
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Figure  5.  Predicted  vs  Experimental  Detection  Ranges 
Approaching  Aircraft  Simulation 
(Davies  & Smith,  RAE) 


the  search  task,  and  how  these  things  affect  the  eyeball  lobe  (i.e., 
contrast  and  size  of  the  target  and  light  level  presented  to  the  eye), 
the  contrast  presented  to  the  eye  is  calculated  using  the  formula: 


C 


(R^  - Rs)e 


-GR 


Rge-aR  + Bg 


(3) 


Here  R and  R are  the  reflectances  of  the  target  and  background 
T D 

respectively  which  are  calculated  spectrally.  They  are  given  by  the 
equat ion : 


/ ''b  'l  ’’bl 


(4) 


i 


where  = normalized  spectral  response  of  the  eye  as  a function  of 
wavelength  L. 

= normalized  spectral  intensity  of  the  illuminator  source 
as  a function  of  wavelength  L. 

P_,  P„,  = the  spectral  reflectances  of  the  background  or 

dL  , 1 L 

target  respectively. 

Figure  6 shows  the  spectral  response  of  the  eye  for  the  photopic  (daylight) 


NORMALIZED  RESPONSE 


WAVELENGTH  IN  MICROMETERS 
Figure  6.  Relative  Spectral  Response  of  the  Eye 
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and  the  scotopic  (night)  light  levels.  These  curves  are  sliifted  as  a 
function  of  the  light  level. 

The  term  B is  the  term  which  accounts  for  the  contrast  attenuation  due 


s 

to  the  backseat 
equat ion : 


ter  of  light  from  the  atmosphere. 

2 /"  27tR  -x^ 

„ _ 0.241  a I e . 

685  X 2tt  / , o 2 
J 2oR  X 


B is 
s 


given  by  the 


(5) 


it  is  taken  from  the  RCA  Electro-Optics  Handbook  with  the  adjustment  that 

R be  the  average  slant  range  that  the  observer  will  be  looking  through  the 

beam  rather  than  the  term  R used  in  the  reference.  This  correction  is 

max 

due  to  the  wide  angle  of  the  illuminator.  Immediately  we  can  see  that  one 
of  the  system  tradeoff  designs  will  be  the  spectral  content  of  the  light 
source  with  the  target  reflectance  in  order  to  get  a contrast  enhancement. 
The  term  used  in  the  above  equations  is  the  atmospheric  attenuation  co- 
efficient (km  and  is  directly  relatable  to  the  visibility. 

The  light  level  that  is  presented  to  the  eye  is  given  as: 


LL 


3.421 


(6) 


where  is  the  area  of  the  beam  of  light  as  it  is  projected  on  the  water. 

The  light  is  assumed  to  be  projected  in  such  a way  that  the  illumination  level 
is  approximately  uniform  across  this  area.  This  would  be  an  optimum  design  for 
uniform  search.  In  addition,  several  other  parameters  must  be  dealt  with 
when  Coast  Guard  search  patterns  are  being  considered.  These  are  aircraft 
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velocity  (v)  , altitude  (ti)  , radius  (r)  of  the  beam  on  tlie  water  and 


azimuthal  angle  (6)  of  the  beam  on  the  water.  A decrease  in  altitude  of 
the  aircraft  increases  the  angular  target  size  as  subtended  at  the 
observer  and  therefore  increases  probability  of  detection  (POD)  of  the 
target,  but  decreases  flight  safety.  Also,  the  illuminator  beam  radius 
presents  a tradeoff  between  track  spacing  for  a search  pattern  and  light 
level  such  that  if  the  radius  is  increased,  the  light  level  will  decrease 
resulting  in  a decreased  POD.  The  aircraft  velocity  and  the  azimuthal 
angle  will  affect  the  amount  of  time  that  the  target  will  appear  in  the 
beam  and  thus  the  amount  of  time  the  observer  will  have  to  search  for  the 
target.  A further  tradeoff  is  that  if  the  azimuthal  angle  is  decreased  not 
only  is  the  time  in  the  beam  reduced  (tending  to  decrease  POD)  but  the  light 
level  will  increase,  which  has  a tendency  to  counterbalance  the  effect  of 
decreased  time  in  the  beam.  The  time  in  the  beam  and  the  angular  target 
size  are  calculated  as  average  values.  This  distance  is  given  in  terms  of 
the  altitude  above  the  water  h and  the  radius  of  the  beam  pattern  r by: 


R = 0.5 


+ 


(7) 


USERS  GUIDE  AND  DOCUMENTATION  The  computer  code  for  this  program  is  in 
FORTRAN  and  should  meet  ANSI  standards  and  be  executable  on  any  standard 
FORTRAN  compiler.  The  basic  execution  deck  for  this  program  consists  of 
9 cards.  There  is  a capability  to  run  the  calculations  more  than  once 
(multiple  runs)  so  one  may  perform  several  tradeoffs  in  one  execution  of 
the  program. 
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Table  1 lists  tlie  input  cards  by  tbeir  identifier  and  then  a list  and 


the  description  of  the  variables  that  follow.  The  first  card  for  an 
execution  deck,  will  be  a FOR  1 card.  This  card  will  then  be  followed 
with  tile  other  input  cards  if  additional  calculations  (multiple  runs) 
are  to  be  made.  The  first  set  of  cards  should  be  followed  with  an  ENDS 
card.  The  last  card  on  the  last  multiple  run  must  be  a DONE  card. 

Figure  7 shows  sample  computer  cards.  The  complete  FORTRAN  code  used  for 
the  search  model  is  presented  in  Appendix  A.  It  is  included  so  that  it 
will  be  available  to  Coast  Guard  personnel  in  working  future  SAR  problems. 


List  of  Input  Cards  by  Identifier  and  Description  of  the  Variables  That  Follow 
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DONE  --  --  Control  card  at  the  end  of  job 
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III.  APPLICATION  OF  SKARCH  PROCRAM 


Here  the  input  variables  of  the 


search  program  are  each  defined  and  presented.  The  program  outputs  are  | 

j 

tabulated  in  terms  of  the  probability  of  detection  for  each  candidate  j 

I 

light  source  being  considered  using  a typical  set  of  search  conditions 
and  for  both  a man  in  the  water  target  and  a sixteen  foot  fiberglass  boat. 

Following  selection  of  the  optimum  light  source,  two  separate  sets  of  data  * 

are  obtained;  one  set  is  for  a helicopter  velocity  of  75  knots  and  the 

i 

other  for  a velocity  of  100  knots.  POD's  are  output  for  eight  separate  beam  ! 

radii  in  the  water,  for  man  in  the  water  and  boat  target,  and  two 
separate  azimuthal  light  beam  angles  on  the  water  for  each  of  the  helicopter 
velocities.  From  this  table  of  results  given  for  the  various  operating  ; 

conditions  the  Coast  Guard  Headquarters  personnel  were  able  to  select  the 
desired  azimuthal  angle  of  the  beam  on  the  water  on  each  side  of  the  helicopter 
and  radius  of  the  beam  pattern  on  the  water  for  the  actual  hardware  to  be 
developed.  The  selected  values  appear  in  the  specification  for  the  illuminator 
> that  is  presented  as  Appendix  B.  | 

PROGRAM  VARIABLES.  The  computer  program  requires  that  values  be  input 

• for  the  following  variables: 

1.  Total  visible  flux  produced  by  the  light  sources. 

i' 

2.  Efficiency  of  the  reflectors  (includes  collection  and  reflection 
efficiencies) . 

3.  Spectral  distribution  of  the  light  sources. 

4.  Spectral  reflectance  of  the  background. 

5.  Spectral  reflectance  of  the  target. 

6.  Dimensions  of  the  target. 

7.  Velocity  of  the  helicopter. 

I 

, t 


8.  Altitude  of  the  helicopter. 


% 


r 

? ^ . 


9.  Radius  of  the  beam  pattern  on  the  water. 

10.  Azimuthal  angle  of  the  beam  pattern  on  the  water  on  each  side 
of  tlie  lielicopter. 

11.  Atmospheric  visibility. 

12.  Separation  distance  between  observer  and  luminaires. 

The  output  values  from  the  program  include  the  calculated  target  contrast, 
the  average  angular  subtense  of  the  target  with  respect  to  the  observer, 
the  light  level  presented  to  the  eye  of  the  observer,  the  detection  lobe  angle 
and  the  probability  of  target  detection.  The  probability  of  detection  (POD) 
is  the  key  output  parameter. 

DETERMINATION  01  VARIABLE  VALUES.  A discussion  of  each  of  the  variables 

listed  above  is  given  in  numerical  order: 

1.  The  visible  flux  is  dependent  upon  the  available  power,  the  choice  of 
light  source  and  efficiency  of  the  driving  circuitry.  Based  on  the  guide- 
lines and  constraints  set  forth  for  this  effort  by  the  Coast  Guard,  the 
available  power  on  the  HH-3F  helicopter  for  this  system  is  10  kilowatts. 

Five  candidate  light  sources  were  investigated  for  this  application.  These 
were ; 

a.  High  pressure  sodium,  arc 

b.  Metal  halide  arc 

c.  Clear  mercury  arc 

d.  Xenon  shoi t arc 

e.  Quartz  iodine  incandescent 

Other  types  of  sources  were  excluded  for  various  reasons  including  low 
efficiency,  low  intensity  and  large  source  size. 


The  total  visible  flux  for  each  of  the  candidate  light  sources  is  listed 


vi/ere  obtained  from  the  latest  commercial  literature.  Total  flux  from  the 


lamps  is  obtained  by  multiplying  total  system  power  (10,000  watts)  times 
ballast  efficiency  times  source  luminous  efficacy.  Final  selection  of  the 
optimum  source  was  made  based  upon  examination  ot  performijnce  as  detailed 
in  the  analysis  paragraph  of  this  section. 

2.  The  reflector  efficiencies  listed  in  Table  2 are  typical  for  the 
sources  listed. 

3.  Normalized  spectral  distributions  for  each  of  the  five  candidate  sources 
are  shown  in  Table  3. 

4.  A typical  seawater  spectral  reflectance  curve  was  used  for  the  background 
spectral  reflectance  and  Table  4 consists  of  a numerical  listing  of  these 
spectral  reflectance  values. 

5.  The  "worst  case"  target  originally  investigated  V7as  a man  in  the  water 
with  an  orange  lifejacket.  To  determine  the  spectral  reflectance  of  a 
typical  lifejacket,  a number  of  red  and  orange  lifejackets  in  both  adult 
and  child  sizes  were  analyzed  with  a spectrophotometer.  It  was  decided  that 
the  orange  lifejackets  were  the  most  typical  and  therefore,  the  orange 
lifejacket  with  the  lowest  spectral  reflectance  curve  was  chosen  as  the 
worst  case.  A numerical  listing  of  its  reflectance  values  is  included  in 
Table  4. 

Following  analysis  of  the  man  in  the  water  situation  and  review  of  the 
results  by  Coast  Guard  Headquarters  personnel,  it  was  decided  that  the  area 
of  coverage  by  the  illumination  system  to  achieve  a reasonably  high  POD 
was  too  small.  Therefore,  Coast  Guard  personnel  requested  that  the  target 
type  be  modified  to  include  a 16  foot  boat  also. 

To  determine  the  spectral  reflectance  of  a typical  boat,  a number  of  paints 
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TABLE  3 


rtormalized  Spectral  Distributions  of 
Light  Sources 


Sodium 

Metal 

Clear 

Xenon 

Quartz  Iodine 

(In  micrometers) 

Vapor 

Halide 

Mercir-y 

Short  Arc 

Incandescent 

0.40 

0.03 

0.29 

0.52 

0.70 

0.12 

0,41 

0.04 

0.29 

0.52 

0.80 

0.14 

0.42 

0.05 

0.13 

0.07 

0.64 

0.16 

0.43 

0.07 

0.15 

0,95 

0.75 

0.18 

0.44 

0.08 

0.15 

0.95 

1,00 

0.20 

0.45 

0.08 

0.05 

0.10 

0.84 

0.22 

0.46 

0.09 

0.08 

0.05 

0.90 

0.25 

0.47 

0.09 

0.19 

0.04 

0.92 

0.28 

0.48 

0.05 

0.19 

0.05 

0,86 

0.31 

0.49 

0.15 

0.10 

0.05 

0.84 

0.34 

0.50 

0.15 

0.28 

0.05 

0.81 

0.37 

0,51 

0.07 

0.28 

0.04 

0.81 

0.40 

0,52 

0.06 

0.09 

0.05 

0.81 

0.43 

0.53 

0.04 

0.15 

0.05 

0.81 

0.47 

0.54 

0.05 

0.30 

1.00 

0.81 

0.50 

0.55 

0.11 

0.30 

1.00 

0.80 

0.53 

0.56 

0.47 

0.28 

0.17 

0.79 

0.56 

0.57 

0.52 

0.29 

0,95 

0.79 

0,59 

0.58 

0.65 

0.53 

0.95 

0,79 

0,63 

0.59 

0.80 

0,69 

0.44 

0.'79 

0.67 

0.60 

0.80 

0.69 

0.05 

0.78 

0.70 

0.61 

0.59 

0.20 

0.05 

0.76 

0,73 

0.62 

0.48 

0.22 

0.06 

0.77 

0.76 

0,63 

0.20 

0,22 

0,07 

0.77 

0.80 

0.64 

0,16 

0.12 

0.06 

0.75 

0.83 

0.65 

0.12 

0.07 

0.04 

0.74 

0.87 

0.66 

0.11 

0.10 

0,04 

0.74 

0.89 

0,67 

0.09 

0,10 

0.03 

0.72 

0.92 

0.68 

0,08 

0.10 

0.02 

0.72 

0.95 

0.69 

0.07 

0.07 

0.00 

0.76 

0,98 

0.70 

0.06 

0.05 

0.00 

0.71 

1.00 
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TABLE  4 


I 


Spectral  Reflectances 


(In  micrometers) 

Scav/ater 
(Backcjrounc^ ) 

Orange 

Lifejacket 

VVhite 

riljerqlass 

0.40 

0.02 

0.02 

0.47 

0.41 

0.02 

0.02 

0.61 

0.42 

0.C2 

0.02 

0. 66 

0.43 

0.02 

9.02 

0.69 

0.44 

0.02 

0.02 

0.72 

0.45 

0.02 

0.02 

0.73 

0.46 

0.02 

0.02 

0.74 

0.47 

0.02 

0.02 

0.75 

0.48 

0.02 

0.02 

0.76 

0.49 

0.02 

0.02 

0.77 

0.50 

0.02 

0.03 

0.73 

0.51 

0.02 

0.03 

0.80 

0.52 

0.02 

0.03 

1.81 

0.53 

0.02 

0.03 

0.83 

0.54 

0.02 

0.04 

0.85 

0.55 

0.03 

0.05 

0.86 

0.56 

0.03 

0.09 

0.87 

0.57 

0.03 

0.14 

0.89 

0.58 

0.03 

0.22 

0.89 

0.59 

0.03 

0.30 

0.90 

0.60 

0.03 

0.34 

0.90 

0.61 

0.03 

0.37 

0.90 

0.62 

0.03 

0.37 

0.90 

0.63 

0.03 

0.38 

0.91 

0.64 

0.03 

0.38 

0.91 

0.65 

0.04 

0.38 

0.91 

0.66 

0.04 

0.39 

0.91 

0.67 

0.04 

0.39 

0.91 

0.68 

0.04 

0.39 

0.92 

0.69 

0.04 

0.40 

0.92 

0.70 

0.04 

0.40 

0.92 

r 


1 


and  fiberglass  materials  were  obtained  and  analyzed.  It  was  decided  by 
Coast  Guard  personnel  tliat  white  fiberglass  would  be  used  as  the  typical 
boat  finish.  A listing  of  the  reflectance  values  for  white  fiberglass 
boat  material  is  included  in  Table  4. 

6.  For  the  man  in  the  water  situation,  the  target  size  had  been  assumed  to 
be  0.3m.  For  the  case  of  the  16  foot  boat,  the  target  dimensions  were 
assumed  to  be  5m  x 2m. 

7.  Based  upon  conversations  with  Coast  Guard  pilots,  the  helicopter  velocity 
was  assumed  to  be  between  50  and  100  knots  with  75  knots  being  typical. 

8.  Altitude  of  the  helicopter  was  assumed  to  be  0.15  kilometer  (approximately 
500  feet).  Based  upon  conversations  with  Coast  Guard  pilots  and  observers, 

it  was  assumed  that  a lower  altitude  would  not  be  considered  safe  and 
higher  altitude  would  decrease  detection  probability. 

9.  The  lateral  throw  of  the  beam  pattern  was  varied  from  values  as  low  as 
.01  km  to  .80  km  (1/2  mile)  during  the  analyses.  Final  design  lateral  throw 
was  determined  as  a tradeoff  versus  POD. 

10.  Azimuthal  angle  of  the  beam  pattern  was  assumed  to  be  between  90  and 

120  degrees  on  each  side  of  the  helicopter.  This  was  based  upon  conversations 
with  Coast  Guard  SAR  crew  members  with  regard  to  viewing  angle  from  the 
observation  positions  on  the  helicopter.  Computer  runs  were  also  made  for 
lesser  angles  but  this  does  not  result  in  a higher  POD  since  the  advantage 
obtained  by  concentrating  the  light  in  a smaller  angle  is  offset  by  the 
lower  period  of  time  that  the  target  is  within  the  illuminated  area. 
Substantial  reduction  of  the  azimuthal  angle  also  would  present  a problem 
in  reflector  design  for  use  with  the  elongated  commercial  arc  sources  since 
a very  large  reflector  would  be  required  to  concentrate  tlu‘  light  in  a 
narrow  beam  in  the  plane  of  the  lamp  axis. 
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11.  Original  runs  were  made  assuming  atmospheric  transmission  of  4 km.  This 
value  was  upgraded  to  8 km  (5  miles)  for  later  runs  based  upon  inputs  from 
Coast  Guard  personnel. 

12.  The  separation  distance  between  the  observer  and  the  luminaires  was 
assumed  to  be  approximately  2m  based  upon  a luminaire  mounting  location  under- 
neath the  helicopter.  Computer  runs  were  made  varying  this  parameter  to  the 
maximum  dimensions  of  the  helicopter  and  no  change  in  POD  was  obtained  using 
the  8 km  atmospheric  visibility  figure  and  large  beam  radius.  This  is  because 
the  amount  of  backscatter  radiation  between  the  observer  and  the  target  remains 
almost  constant  under  these  conditions. 

ANALYSIS . Computer  runs  were  made  to  determine  which  candidate  light  source 
yields  the  best  POD  for  a typical  set  of  conditions.  A sample  computer  output  is 
shown  as  Figure  8 for  the  sodium  source.  P.esults  using  the  final  version  of  the 
computer  program  are  listed  below. 

For  the  man  in  the  water  case  with  lateral  beam  throw  0.2  km,  helicopter 
velocity  75  knots  and  azimuthal  angle  90  degrees,  the  following  probabilities  are 
obtained : 


Source 

POD 

Sodium 

0.  51 

Metal  Halide 

0.43 

Clear  Mercury 

0.  29 

Xenon  Short  Arc 

0.  31 

Quartz  Iodine 

0.40 

For  the  white  fiberglass  boat  case  with  lateral  beam  throw  of  0.8  km,  helicopter 
velocity  75  knots  and  azimuthal  angle  90  degrees,  the  following  probabilities  are 
obtained : 
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Figure  8.  Sample  Computer  Run  for  Sodium  Source 
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Figure  8. 

(cont . ) 
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Source 

PWJ 

Sod ium 

0.  58 

Metal  Halide 

0.60 

Clear  Mercury 

0.58 

Xenon  Short  Arc 

0.  58 

Quartz  iodine 

0.  59 

The  sodium  vapor  source  was  chosen  as  the  best  overall  source  due  to  its 
good  performance  for  both  the  white  fiberglass  boat  and  the  man  in  the 
water  case.  Computer  runs  were  made  for  both  the  man  in  the  water  case  and 
the  white  fiberglass  boat  with  lateral  beam  throw  varied  from  0.1  to  0.8  km 
for  azimuthal  angles  of  90°  and  120°  and  helicopter  velocities  of  75  and 
100  knots.  Results  are  listed  in  Table  5.  Table  5 represents  the  critical 
data  output  for  the  overall  program  effort  at  NVL.  From  the  POD's  shown  in 

> the  table,  a beam  pattern  radius  variable  in  steps  of  0.2,  0.4,  0.6,  and  0.8 

I 

kilometers  by  preflight  adjustment  was  selected  by  the  Coast  Guard  as  was 
an  azimuthal  angle  to  be  set  between  90°  and  120°  - preferably  toward  the 
higher  angle.  These  specifications  appear  in  the  illuminator  purchase 
description.  Appendix  B. 

i' 

V ‘ 
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TABLE  5 


Probabilities  of  Detection 
HELICOPTER  VELOCITY  - 75  KI^OTS 


Man  in  Water 

16'  White 

Fiberglass  Boat 

90°  Az. 

120°  Az. 

90°  Az. 

120°  Az. 

0.8 

* 

* 

.58 

.58 

0.7 

* 

■k 

.89 

.69 

0.6 

* 

■k 

.98 

.96 

0.5 

.04 

;V 

1.00 

1.00 

0.4 

.11 

.09 

1.00 

1.00 

0.3 

.24 

.21 

1.00 

1.00 

0.2 

.51 

.47 

1.00 

1.00  • 

0.1 

.90 

.89 

1.00 

1.00 

HELICOPTER  VELOCITY  - 100 

KNOTS 

Man  in  Vi/ater 

16'  Wliite  Fiberglass  Boat 

90°  Az. 

120°  Az. 

90°  Az. 

120°  Az. 

0.8 

* 

■k 

.48 

.47  ; 

0.7 

* 

k 

.80 

.58 

0.6 

•k 

k 

.94 

.90 

0.5 

.03 

k 

1.00 

.99 

0.4 

.08 

.07 

1.00 

1.00 

0.  3 

.18 

.16 

1.00 

1.00 

0.2 

.41 

. 38 

1.00 

1.00  j 

0.1 

.82 

.81 

1.00 

1.00  i 

* No  lobe  size  exists. 


rv.  DISCUSSION  with  the  selection  of  the  beam  radius  on  the  surface 
anLi  the  azimuthal  anqle  of  tlie  beam  and  having  already  selected  tlae  light 
source  type,  the  pirchase  description  could  then  be  ccrpleted  and  is 
pres'3nted  a.s  hppeindix  B.  In  addition,  tlie  test  plan  for  the  hardware  for 
testing  both  at  the  contractor's  plant  and  after  it  has  been  mounted  on 
the  HI1-3F  is  completed  and  enclosed  as  i^pendix  C.  Two  banks  of  pod 
mounted  luminaires  have  been  specified  that  ccnprise  the  illuminator. 

Ficjure  9 is  a sketch  of  the  proposed  mounting  position  for  the  illuminator 
on  the  aircraft  showing  both  pods  and  the  support  structure  between  them. 
Figure  10  shows  the  exact  beam  f>attern  on  tlie  water  as  seen  from  the 
aircraft  when  flying  at  ein  altitude  fo  500  feet.  7^  the  azimuthal  iDeam 
angle  is  varied,  the  different  hyperbolic  geometrical  beam  [Jatterns  are 
illustrated  with  corresponding  beam  spread  distances  as  a frjiction  of  the 
beam  radius.  Beam  coverage  fran  the  helicopter  at  an  altitude  of  500 
feet  is  shown  in  the  sketch  of  figure  11  to  portray  the  beam  spread  frcm 
either  a single  bank  of  luminaires  or  with  both.  Thus  the  Phase  I portion 
of  the  development  program  is  concluded  with  the  data  given  in  Table  5 and 
Figure  10  as  well  as  the  Purchase  Description  and  Test  Plan.  Night  Vision 
Laboratory  personnel  will  continue  to  act  as  the  technical  agents  for  the 
U.S.  Coast  Guard  during  the  Phase  II  hardware  portion  of  the  program  that 
will  include  contractor  fabrication,  test  and  evaluation  of  the  high  pressure 
sodium  wide  area  illuminator. 
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All  INPJTS  AHl  MEAD  JA.  FS.P  A L L ■.  A Y S USE  DECIMAL  PJIM 
AlL  fields  STamt  in  CQLLU-^S  «ITH  LAbT  OU.IT  UE  1 UK  b 
TME  INPUTS  EUK  THIS  PRtJGKAM  aKE: 
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ENOS  INDICATES  that  THEME  AKE  NO  wjME  INPUTS  E UK  THIS  SET  OF 
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1TT(10),P(10)ySIG(5) 
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) 00  16 ( T=l,31 
I Hi3CI)=T(  I) 

GO  TO  10b 
) CD'iTlNUE 

aR  ( TE  (6,  ^<?0  ) X 

1 FJR'^AT(1H1.//////////Ai»f  1X.37HIS  NOT  AN  lOENTlftlER  FUR  THIS  PRUGRA 

m 

call  exit 

) CJMI.-UE 
I VIS  = 1 
01=0*1000, 

V1=3.9?1/SIG( I ) 

«RI  TE(6,3101BRITE,RADI,ANGLE, Vl.Ol.EFF 
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15X, 30hATMUSPhERIC  VISIBILITY  , F 6 . 2 » 3X . fiHK H , / 
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U7H  0.9  ,3X,10ftb,2/ 
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t?~‘  '-’.6  ,3X,10ftb,2/ 

77H  0.7  . 3x,ftb,2///) 

..RITE  ( 6. 3 303  V EL.  Hi  IE 


,0b,5H 


S -H  « A V ij  1 


/<4/7'4 


(JPT  = 1 


FTn  o,6ta20 


09/20/76 


5J0  FL)W''Ar(lHl,«5HhtUIt;UPTER  PAKAMtTtPS  // 
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390  formatcih  ,9Shspectral  reflectance  of  the  target  // 
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306, GH  ,07,5-1  ,08,5H  ,09/ 
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S/H  0.5  ,3X,t0F5.2/ 

67H  O.H  ,3X,T(lFS,2/ 

77H  0,7  ,3X,Fb.2///T 

•'.RITEC6,3S0)i3K 

350  format (iH  ,u5hSPECTRAL  REFLECTANCE  OF  THE  BACKGROUND  // 

27H  »-ICRaN,  3X,SH  .0  ,5H  ,01,5H  ,02,5H  ,03,5H  ,09»5H  ,0S»5H  , 

306, 5«  ,07,Sh  .08,5H  .09/ 

47H  0,9  ,3X,10F5.2/ 

5/H  0.5  ,3X,10F5.2/ 

67H  0,6  ,3X,t0F5.2/ 

77H  0.7  ,3X,F5.2///) 
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',  * * 

C-»»  calculate  the  RANGE  TO  TARGET  FOR  ANGULAR  SIZE  AND  HACKSCATTER 

; * » 
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RMAX=.5*(SaRT(RADI**2+HITE**2)tHlTE**2/RADI*(AL0G(WADI/HITE+ 
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C * 

C*»  CALCULATE  AREA  OF  BEAM  ON  THE  WATER 

C * * 

PI=3. 19159 
HI TE=HI TE*1000, 

RAr)I=RAUI*1000  . 

RM=saRT(RA0I*A2.FHITE**2,) 

ANGtE=ANGLE<-PI/180, 

qaREA  = hi TE **2  * TAN(ANGIE/2,)*ALUG  ( - I , * ( R AO  I +RM ) / ( R AOI -RM  ) ) > TAN 
1 {ANGIE/2,)*2,*RA0I*Rm 
HITE  =HI TE/1000, 

RAOI=RAOI/lOOn, 

C * » 

ALPHA=360. /ANGLE 
BETA=ATAn(RAOI/HITE) 

SAv'rbRITE 

BHITE=nRITE/fa.i>PI*ALPHA*SIN(BETAn  *EFF 
AlPmA1=ARCUS(hITE/RMAX) 

R H I N = 0 
G=,29 

5I=SIG(  1 ) A.OOl 
RMl>j  = kMlN*1000. 
rMAX  = RMAX*1000  , 
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Q9/?Q/7b 
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OE.LCA  = (-ytAX-KMlN)/ttO. 

I =0 

0 A C ^ S = 0 . 

TE.ST  = 1 . 
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uh  CaNTI'i'Jt 

IF  (TFSI  .L  T . .000000  1 )GU  TU  '44 
-?  CJ'.TI^Ut 

4 CO--.Tl  4i.jF 

3ACK.S  = bAC^S»C.*SI»*^*HPI^t/^./PI/40, 

KHAX  = W-' AX/1000, 
ril=0  , 
d?  = 0 . 

DO  4b  J=l,3l 
Bl=bl fSL(J) AbK(J) 
b b?=H3+SU(J) 

B<1 =ai 


CALCjLArF.  TBt  LIGHT  LEVEL  PRESENTED  TO  THE  EYE 


RITE=SAV*EFF*3,/P./PI/RA0I**P/P1 

[ DEYE=  RITE/PI/HAHEA/.,A92A(HKl/ExP(a,*SlG(lVlS)*  RMAXI+3ACKS) 

YL=ALUG10(OEYE) 

Ar.5+( I ,+ERFC (YL  + a,b) A,5)  ) 

DO  390  1=1,31 

' 90  VE(I)=A*VC(I)+(l.-A)*VR(n 

; . bC=0. 

p ' BD=0. 

i TC  = 0, 

[ , DO  43  1=1,31 

f .1  TC  = TC  + vE(n*SL(n+TG(I) 

BC  = BC  + vF.CI)*5LCI)*BK(I) 

I . . BD  = BD  + VE C U *SL(  I ) 

^ 4i  continue 

; 0KR=riC/BD 

TGR=TC/H0 


calculate  THE  contrast  PRESE.NTEO  TO  THE  EYE 


F TN  14 . 6 + 4?0 
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1 + H A C K S ) 

C » * 

c * * 

C**  CALtl  'lATF  THE  AM, ULAN  S12F  PNEStNTFU  TU  THf  tYt 

C * * 

c » * 

AViYSI/t/kMAX 
A X = X 3 I 2 1'  / R •'  A X 

C * * 

C * A" 

C»*  TI'-F.  NLOiJlHfcO  TO  FUT  LIVEN  SEARCH  BEA^  PATTfcRS 

C** 

C » * 

T T = NAOI  * 100 0 ./.Sl'j/VtL*PI/ alpha 

c » » 

C * X 

C»*  calculate  Trtt  OETKCTIUN  LGHfc  USING  THE  LdBE  MQOEL 

C * * 

c** 

call  GK0(AX, ay,CxYL,0, 4 If  5. PO»CbO>  ThETU) 
lP(PO,LT.,S)t;0  TU  4b0 
JC  = 0 
THi=0, 

TH^=60. 

“^ETHsl 
Si=S.  14 

4i;0  TH=.5*CTHPtTHl) 

CALL  GKOC  AXfAYf  CfVLfTH  , HF.  THf  SHf  PD  f C50  f T HE  TU  ) 

JC=JC+  1 
PO"=RD-,S 
A0-^  = AHS  (PDM) 

IF(JC.GT,50)GU  TU  4B0 
IF  (ADH.LT.  .OODGC)  TU  470 
IF  (PDMJijjOf  470f  440 
430  TH2=TH 

GO  T.)  420 
440  T41=Th 

G'.l  TU  420 
4S0  «»lTEC6f460) 

460  FURHATdH  ,46HM1  LUHE  SI2F  EXISTS  FUN  YOUR  SET  OF  CONDITIONS) 

GO  TU  999 

c * 
c * ★ 

C»*  CALCULATE  THE  PROBABILITY  OF  DETECTION  FOR  ONE  FLY  BY 
C * 

c ^ * 

4 70  AJ^tAS=ANGtE/i6  0,*Pl*WAOI**i», 

,4RITEC6f465)CfAXfAYfr)EYEfTH 

46B  FURhaTCIH  f 4SHCALCULATE0  TARGET  AND  LIGHT  LEVEL  PARAMETERS  // 

ISX, 30HTARGET  CUNTRAST  fFB.2/ 

2BX f 34HANGULAR  TARGET  SI/F  IN  X D I RE C T lUN , F5 . 2 , 3 X , I 0 HMR AD  , / 

3SX, 34HANGULAR  TARGET  SIZE  IN  Y D I NEC T I ON , F b . 2 f 3X f 1 OHHR AD . / 

4SXf34HLlGHT  level  PRESENtED  TO  THE  EYE  t E9.3fl0HFT,  LAMB,  / 


\ ■ ' A-6 
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M NhWA\/JI  m/1^  npl  = i FTN  4,6  + ^i?0 
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SbX, ^aHDtrtCTlUN  LUHE  SIZE  ,Fb,2, iX, t OHDEOWhES  ) 

Ar'i=(CTAN(rH*PI/lH0,)*HITE)**2)*HI 
OJ  460  1=1 » 1 0 
rT(n  = ,i*FunAT(n*Ti 
460  P(l)=l,-l./exP(ATH*5.*TT(I)/AREAb) 
aRI  rt-  (6,490MTT(  10)  ,P(  10)  ) 

490  f- JR ''AT  ( IMI  ,.<S6PRU8A6IL  ITY  OF  DETECTION  VS,  TIME  // 

lSX,?4h  TI'-’E  TARGET  wAS  IN  bEAM,bX,8SH  PROHABILITV  OF  OETECTIOn/C 
?l4x,FS.£?,P7X,ES.ie)) 

999  IE(X  .E0.R(20))GU  TO  lUOO 
GO  T ' 100 
loco  STOP 

End 


t, 
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7U/7U  DP1=1  ^TN  4,h+a20  Q9/20/7b 


SJHi^J'jMNE  r.KOC  AX, AY,  C , VL  » THE  f » Mt  T H , SH , PD , CSO  ,THET0  ) 

AX, ay  ape  length  and  k’.IDTH  (JF  THE  TARGET  IN  mILLIRAOIANS 
AY  15  5-iaLLER  Than  ax  fur  rectangles 
C = TARGET  CONTRAST 

VL  = LOG  light  LEVLI  IN  FOOT L A MbE RTS 
TnE=  IS  ECCENRJCITY  ANGLE  In  DEGREES 

SH  = S''IFT  1\*  CONTRAST.  ( rE  advise  SH  SUMErHERE  bUtN  3 AND  10  ) 

PO  = detection  PRObAbILITY 

CbO  = LlHtNAL  CONTRAST  FOR  50  PERCENT  OETFCTION  PRUbABILlTY 

rnETO  = eccentricity  ANGLE  FOR  OPTIMUM  PERFORMANCE  ( 0 ONLY  AT  HIGH  LL) 


Even  Nir'btRED  meThOTiS  ARE  CORRECTED  FOR  TOO  SMALL  CONTRASTS  REDUCING 
THE  PRUHAHILITY  TmaT  THE  CORRECT  MATCHED  FILTER  IS  CHTJSEN, 

This  currectijn  is  most  dominem  in  forced  choice;  ant;/or  lung  observation 

TIME  EXPERIMENTS 

methods  larger  or  EUUAL  to  5 FIXATE  AT  OPTIMUM  ANGLE  THETO 

“ETh  = 1 INPUTS  YC,C,THETfSH  OUTPUT  PD,  C50  tUNCURRECTEO  ) 

USE  SH  3 TO  10  FUR  SHORT  GLANCE  TIME  PROBABILITIES 
mETh  = i INPUTS  YL,C,THET,SH  OUTPUT  PD,  ( CORRECTED  FOR  SMALL  C ) 

THIS  METHOD  MIGHT  BE  USED  FOR  LDw  SPATIAL  FREQUENCY  CLUTTER 
mETH  : 3 shortened  VERSION  OF  METH  = 1 (wiTHlN  5 PERC,  OF  ERROR) 

USE  Instead  of  method  i if  speed  is  of  essence  or  if  you  f.ant 
TO  test  its  inversion  (METHOD  11  ) 

METH  r a INPUTS  YL,C,THET,SH  OUTPUT  C50  ( CORRECTfcD  FOR  SMALL  C ) 

USE  SH  = 1 TO  RECONSTRUCT  LINGESS  CURVES 
mETh  = 5 INPUTS  YL,C,SH  OUTPUT  PD,  C50  On  FIXATION  (UNCORWECTED  ) 

USE.  FOR  SHORT  OBSERVATION  TIME  DATA  hHEN  FIXATION  POINT  IS  KNOWN 

METH  = h Inputs  yl,c,sh  output  pd,  on  fixation  (corrected  for  small  c 

USE  WITH  SH  = 1 FOR  P(INFINITY)  OF  EASY  TASKS,  FOR  NON  EVEN 
bACKGROuNDS  USE  SH  3 1. 

METH  = 7 SHORTENED  VERSION  OF  METH  = b (wITHiN  b PERC,  OF  ERROR) 

USE  Instead  of  method  b if  very  many  runs  are  required 

METh  = fl  inputs  Yu,C,SH  OUTPUT  C50,  ON  FIXATION  (CORRECTED  FOR  SMALL  C 

USE  SH  = 1 TO  reconstruct  BLACKkELLSS  curves 
METH  = 11  inputs  yl,C,SH  output  ImET  (UNCORRECTEO  ) 

USE  SH  3 10  10  FOR  FOR  LOBE  RADIUS  = THFT 

comparison  to  THET  derived  by  METH  = 1 WILL  GIVE  AN  ERROR  OF 
LESS  Than  5 MINUTES  OF  ARC.  METHOD  11  IS  A CLOSED  FORM  INVERSION 
OF  method  3 THUS  THE  COMPARISON  IS  LIMITED  BY  COMPUTER  PRECISION 


DATA  PI,PII4,SQPII4  /3.  14  16, 1 ,«f73?a,  1 ,f)21  14  / 

DATA  HI,RH,SQRI,SURH  / 3,,  9,,  4,  / 

DATA  RLUG,RTlSUH,RIL0G,RHLllG/.bP3^4B,  ,761736,  1 ,0R661,.69  31U7/ 

DATA  GEL0C,GELnR,BlC,HlR,ri3C,63R  / , 6 , , 9 , . 1 6 , 6 , , . 1 , , 0 0 7 / 

DATA  B0,B4,  COO.HilQTlO  / 1 5 . , . ? 1 , . 0 0 6 , 3.16P28  / 

DATA  TN'JRl,TN;JR^,  TNORiP,XKO  / . 1 9 17  , , 6 1 6PP  5 , , 1 b^  95 , 7 0 , i 7 6 / 

SI  = THE  RATIO  BET-F.EN  EXCITATION  AND  INHIBITION  SPREAD  FUNCTION  WIDTH 


A-8 


1‘./  !•* 


J^'T  = 1 


h T\  -4 . 6t  4f*C 
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41  = KH  = ( 2 , *Gt  ) / ( C.t  »■(.  I ) , SuhM  = 4I*WI,  SOrf'i  = K-t»Hri 

riArt  Ci4'i  V.M„',|FS  44F  THt  iiPtClAL  CASt.  ><1  = S. 

HI  I 4 = -i./HI  , 5 04114=  HI  1,1*  *2 

4 ILU;.  = ALnO (4  n , RmLOGsALOGCHH) » WL0G  = HI *ALUG(«I) -2 . *Rri*ALUG(HH) 

-nsj''  = GJ4TC1.  (1,/K1)**2  - ?,  * ( 1 ,/4riJ  »*2  ) 

= 4T  1SU'</ ( 2 . *H  I ) r^0H2  = SURT  (PI  I4*HL0GI  TnjH12  = TMQH1/TG0H2 

obLOC,  GrtfiP  A4b  CU--C  MOD  miMmAL  PLS'.U.UT  IUG  LtNGfPS 

VAUjb.5  Of  b ARK  NUR4AUI7tO  CONSTANTS  10  PIT  bUU''AN  VOS  AND 
-alpavK  .<5  f lMTK  nKLIRAL  RKPRaCTTRy  Tlvt  THORV  ( Tut  LAST  LtTTtR  C AN[) 

P OEN  )Tr  CO<b  AND  ROD  WHEN  AHPlICAHLC 

;p  YL  5 -2.6  NS  = N*»2/(N**2»BtC  + N +UiC  ) 

[f  YL  ) -2.6  NS  = n**2/(N**2*01R  + N vB5R  ) 

,.tiERE  N IS  PR  IPOR  r lUNAL  TO  LIGHT  LEVEL  RITm  PUPIL  AND  TIRE  CORRECTIONS 

The  correction  eactor  to  expresses  the  pupil  and  integration  time  increase 
*ITH  OECRlAslNt.  Lll.HT  level 


f JRMATdX,  10n2.4) 
F JR  -'A  T ( 1 X , 1 Of  12.S) 


“FTH2  SEPARATES  EVEN  FROM  ODD  METHODS 
mFTh2=hETh-?*(mETh/2) 
default  vaLuE  Of  Sh  = i. 

If (Sh.lt  . .000  1 ) SH=1, 

xl=3.-yl 
XL1  = *L-1  .47 
XL?=XL-3.2 

lF(XLl.tT.O.I  XL1=0. 

IFCxlP.LT.O.)  Xl2=0. 

impirical  adjustments  for  the  inversions 

ThExp=2. 

THETn=.4*XLP»*2 

TCUR=.4 

IP  (XL  1 ,LT.  .01 ) GO  TO  15 

TNOR'-si  . + .?*XL  I 
TCOR=TC JR/TnORm 

T0  = E)O*F.  xPCh4*xli) 

GEXP=.6 

.•■JRMALI7ED  SUMripR  OF  PhCITONS 

xxl=dooc./10.*»xl 

RXRL  = Sr)R  T ( XKU  ) 

SHIFTED  contrast 
CC=AB5 (C ) /SH 

IF  (CC  .LT  . .000001  ) CC  = .6/SH 

P101  = l . 

DEL  = resolution  length,  QL  = SENSITIVITY 
AT  L'JG(LL)  = -2.S  A BRANCH  POINT  HEThE.EN  ROD 
IF(Y|.  .uT.-2.6)  go  rO  10 
GEL=  1 .26**XC 1 *GLL0C 
OL  =XKL/(GIC*X><L  F MXKL  + HiC  )»T0 
GO  TO  12 


AND  cone  actions  OCCURS 


vmmiesimai**  '-  mMn  anjxd*- 


7u/  7.4 


1HI  = 1 


FTN  '4.bt420 
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10  OF.L  = 1 . 4 * * ( XL-44  , 12)  *(-LU0K 

4L  =X^U/(0lN»XKL,  t KXKL  + bSR  )*I0  *,6 

C Only  tvtM  .\J>-.4FHtD  mfthUOS  HAVt  Plot  MIT  NECESSARILY  UNITY 
12  [Y  TH2.tO.  1 ) MJ  TU  1 1 

c-i  = cno  «s,rt(xko/nl  ) * (gf.loc/gel ) 

SL  1 = .P 

P101  = ,s»(  1 .+E>^F(ALnG(C;C/CO)*SLl  ) ) 

11  SOl.1- L = GtL*f.t:L 

n-  C'^ETH.tiT  . 10)  GO  TU  110 

C vETr-uuS  GWFaTEH  L)R  equal  to  s always  fixate  at  theto 
IF {-FTH.GE .b)  GU  TO  b« 

C WFStLJTION  LENGTH  IS  INCREASED  AND  SENSITIVITY  DECREASED 
T-tQIF  = Ays(  TnE  r-THE  To  ) ♦ ,00001 
T NC  = ( 1 . t ( TCIIR*THDIF  ) **  THEXP)  **GEXP 
GEI.  = GEL*Tnc 
0U  = .)L/TNC*»2 
S4  AXE=AX/GEL  *,5 

AVt=AY/GEL  *.S 

IF(hETh,F.  j.  ^.OR.MtTH.EQ.7)  GO  TO  75 
C WIG'TRJUS  derivation  OF  PROHABILITY  AND  C50 
AxI=AxE/RI 
AXH=AXE/RH 
AYI=AYF/RI 
A YH=A YE/RH 
SOGEL  = GEL  *GEL 
IF  (AXE,LT..1)  GO  TO  6fl 
IF (AYI.GT.  1 000.)  GO  TO  65 
IF (AVI  ,LT.  1 .18)  GU  TO  72 
TlXF  = 1 , + ALOG(AXE) 

TIYF  = 1.  + ALOG(AYE) 

T2XE  = PTL(AXE) 

T2yE  = PTL(AyE) 

T2X1  = PTLIAXI)  - RILOG 

T?YI  = PTL(AYI)  - RILOG 

T2XH  = PTL(AxH)  - RHLOG 

T2YH  = PTL(AYH)  - RHLOG 

SuTl=-Pll4*GEL*(CT2XEtRI*T2XI-2.*RH*T2XH)  *AY  + (T2YE+T2Y1*RI 

* aRH*T2YH)  *AX  ) +S«PII4*SaGEL*((T/:xE  + TlXE)»(T2YE  + TlYE) 

» + S0RI*(T2XH-TlxE)*(T2YlFTlYE)  - 2.*SGIRHa(T2XH  + T1XE)*(T2YH  + T1YE)) 
IFCSQT1.lt. ,0000000  1 ) GO  TO  65 
Tl=SQRT(SQTl) 

GO  TO  80 

65  T1  =SQRTCPII4*GEL*(AX+AY)*RL0G) 

G'O  TO  8 0 

72  SQTl =SQPI I4*Sa&EL*(TLU(AXE)*TL0(AYE)+SQRI*TL0(AXl ) *TLU(AYI) 

* -2,*SORH*TlO(AXH)*TLO(AYH) ) 

IFCSQTl  ,LE.  . 0000000  1 ) GO  TO  68 
TlcSQRTCSQTl) 

GO  TO  80 

68  Tl=,125*PII4  A AX*AY/GELaRT ISUM 

GO  TO  80 

c approximate  derivation  of  T1 

75  T1 2=, 125API 14  A AX*AY/GEL*RTISUM 


r 
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rjPT  = l 


FTN  4,6+020 
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Tll=S04T('^IIO*l.tL*(AX  + AY)*WLUG) 

A •,)  A 4 = j ' J K r C A X * A Y ) 

WA  T = AX/AHAk 

fex»'j=l,0-.2*KAT*(l.-.0S*KAT) 

Ir  (LXPU.LT  . ,S)  tXP(l=.S 

ri  = rii»n?/(Tii  * *e.xPU+T  12*  *t  xpu)  * * ( i . /expu) 

*•0  ct>o  = i ,/((Jt*T  n 

Sl2=.H 

rt.P'’  = ALUG(c;c/cso)  *sl? 

P J=  .6*  ( 1 . +f.WF  ( TENMJ  ) *P101 

IF- C'ETH.rJ.o.OH.Mt  TN.KJ,«J  GU  TU  b9 

G 1 r 0 10  0 

C >HtF^  PlOl  \ur  1.  CSO  IS  tVALUATtO  BY  GULDEN  CHOICE  METHOD 
S9  CSOL  = AL')G(CSO) 

C0l=ALUG(C0) 

COIF=CSOL-COL 
0IF2=-?.S/SL2 
DIF  1=  2.S/SL1 

IF (CDIF.GT ,DIF  1)  GU  TO  9 7 
IF  CCOIF ,LT  .OIF  2)  GO  TO  96 
c:  1 =coL 
C2=Cl+DIFi 
jcnj'4T  = o 

Sll  C-i=.5*CCl+C2) 

.JCOU%T  = JC  .lu'.  r + i 
FE-<«1  = (CH-  COLI  *SL1 
TE‘^-'?=CCH-CbOL)  *SL2 

PD=.2S*(l.+ERF(rEPMi))*(l,+EKF(rEKM2)) 

PO-'  = PO-  .'J 

a:i-*  = ahs(po;'0 

IF(  JCOIJNT.GT.30)  GU  TU  S5 
IF(ADm,LT..OOI)  GU  TO  S6 
IFIPD'^) 

53  CI=CH 

GO  TO  Sll 

54  C2=CH 

GO  TO  511 

55  «RITE(6,9rtl)  YL,A 

981  F )«'' 'T  (40H1.. arming  re  NEEUFD  30  ITERATIONS  AT  LL»  A »2F9,«) 

56  CONTINUE 

IFICH.GT,  10.  ) CH=10, 

C50=EXP(CH) 

(ij  TU  97 

96  C50=C0 

97  CONTINUE 
GO  TO  100 

C CLOSED  form  INvEHSIUM  OF  THE  APPROXIMATE  METHOD  BY  SOLUTION  OF  A QUADRAT 
C EGUATIOM 
110  CJ'iTlNME 

At1AH  = 3f)HT(AX*AY) 

(^AT  = AX/AHAR 

ExP0=1.4-.2*RArA(l.-.05*RAT) 

IFCEXP0.LT. .5)  EXPO=.5 
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in/  r\. 


OPT  = l 


FTN  U,6+«20 
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A<=rMQH12/SrjRT(NATfl./KAT) 

TfcM'il  = (AM.(AHA9/(;EL)*»l.S)*»tXP.l 

Te«>t2  = (TNriRl  *CC*ABAH*AbAR/btL*QL  )**fcXPO 

TMFXPt  = l ./  THfcXP 

l.f  XP  I = . ^6666666  / (Gt.XP*EXPQ) 

(■  Tnt  r = (S0RT  ( TEKMi  * Tf  P'Hl  + TEPM2)-TEKM1  ) **GfcXPI 
THE  =FT-^Er-l. 

C U.iciE  RADII  CAS  MQT  bE  LESS  THAN  ThETO 
IFCTriE  , LI. .000001  ) C>n  TU  IIS 
TmEI=ThE  **TH£XPI/TCnH+THETO 
0.)  TO  100 
C Ntl  LOBE 
IIS  THET=0. 

100  C.1MIMJF 

RETURN 
END 


c i 
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i-ij'CTIO';  Uii(x) 
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( sMtS  X = 1 ) 


J=  X*HI/^-1-ALU0(X) ♦ 3 


TlM(*)  = X * A T an ( X ) + ,s* ALUGC X*X  + 1 . ) ; 


( ^MfcN  X ; 1 ) 


C-l)**(Xtl)  * X*»(2*K) 


) * 2*K 


TO  PREvtNT  l^RRtClSIONS  CAUSED  CANCELLATIONS  Tut  INFINITE  SERIES 
ARE  USED  4HEf.;  ARGUMENTS  ARE  LARGE  AND  S'IAlL 

THE  UPPER  LI’^IT  rih  THE  SERIES  EXPANSION,  m,  IS  CHOSEN  EUR  9 SIGN,  FIG, 


IF(x.LT..0l)  GO  TO  lU 

IETx.GT.  100. ) GO  TO  3C 
IF (X.LT..1)  GO  TO  5 

lFfx.GT.lO,)  GO  TO  20 
TlO=X*ATAn(X)-.S*ALOG(X*Xf1 . ) 

GO  TO  50 
xx=x*x 

TL0=,5*XX*(l.-.lh6Hr,h67*XX*Cl,-.<i*XX)) 

GO  TO  50 
X X = X * X 

TLO=,5*XX»(l.-.16bhbho7*XX) 

GO  TO  50 
XX=  1 , / ( X*X  ) 

P=1 .5706 

TlU  = P»X-(  1.  + AlOG(X))-.  166t.Gh6  7*XX*  ( 1 .-.3*XX) 
GO  TO  50 
XX=  1 , / C X *X ) 

P=1 .5706 

TlO=P*X-(1.+ALUG(X)) 

return 

END 


7 = 1 


7-  U , 6-*-4i?0 
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7-  j'-C  T 1 PTL(X) 


C ><  = "I 

: >^7^70=2  >^hen  X 3 1 . le 

: -v  = i 

c 

: Tnt  Pf-'r-  l1«IT  of  the  SEPlfcS  EXPANSION,  IS  CHOSEN  FUR  4 SIGN,  FIG,  PRES 

X X = 1 . / ( X * X ) 

iFcx.^r.io,)  Gu  ro  lo 
1 F ( X .GT  ,2.s)  GO  T'O  PO 
IFCx.GT.2,)  go  to  2S 

!>■  7x,r,  r.l.'i)  GO  TO  ^0 

-lO  PrL  = ,17,666  6b7*XXxCl,-.3*xX*(I,-,4761<305*XX*(l,-,58553533*XX* 

?(!.-.6S4S4SuS*XX*(l,-,7  0St282*XX*(I . - . 7 4 2HE.7 1 * X X * ( l,-.77?0  5a8*XX* 
3tl.-./9Si2l6*XX*Cl.-.8142857*XX*(I.-.H30039S*XX’‘n.-.84533333*XX 
4*(l.-.rtS47no9*XX*(l.-,fl64S32*xX*Cl.-.8731182*XX*(l.“.8S068*XX)))n 
*)))))))))) 

G .7  r 0 so 

1 : PTL= . 1 666h667*XX 

GO  To  SO 

2"  PTL=.16b66667*XX*(l,-,3»XX*(l,-.4761905*XX*Cl,-,58333333*XX))} 

GO  7 0 5(1 

2S  PT  t = .l  6 66  6667*XX*(  1 .-.3*XX*(  1 ,-,  476  190S*XX*(  1 ,-, 58533353  A^XX* 

2fl,-.6S45  4S4S*XX*(l,-.70S1282*XX*(l,-.74cI8571*XX))n)) 

GO  T.J  SO 

3C  PTL=.16o66667*XX*Cl,-,3*XX*Cl.-.47bl90S»XX*(l.-,58333333*XX* 

?Cl.-.6SUSuS4S*XX*(l,-.70S12e2*XX*(l,-.7428S7l*XX*Cl,-,7720588*XX* 

3(1 79S3216*XX*{ 1 ,-,81428S7*XX*( 1 .-.8300395*xx  )))))))))) 

GO  TO  SO 

SO  return 

END 
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APPENDIX  B 


Purchase  Description  for  Illuminator 


1. 


SCOPE 


1.1  This  purchase  description  establishes  performance,  design 
and  test  requirorients  for  a Wide  Area  Illumination  Systan  (WAILS) 
for  use  on  the  HH-3F  helicopter  for  Coast  Guard  search  and  rescue 
operations . 


2 . APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  date  of 
invitation  for  bid  or  request  for  proposal,  form  a part  of  this 
purchase  description  to  the  extent  specified  herein: 

SPECIFICATIONS 

Military 

MIL-T-152  Treatment,  moisture  and  fungus  resistant, 

of  connunication  electronic  and  associated 
electrical  eguifxnent.  j 

MIL-D-1000  Drawings,  Engineering  and  Associated  Lists 

MIL-B-5087  Bonding,  Electrical,  and  Lighting 

Protection,  for  Aerospace  Systems 

MIL-W-5088  Wiring  Aircraft  Installation  of  #ASG# 

MIL-E-5400  Electronic  Equipment,  Airborne,  General  • 

Specification  for 

MIL-C-6021  Castings,  Classification  and  Inspection  of 

I 

MIL-E-6051  Electrical,  Electronic  System  Corpatibility 

and  Interference  Control  Requirements 

MIL-I-6181  Interference  Control  Requirements  Aircraft 

Equipment 

MIL-P-11268  Parts,  Materials  and  Processes  Used  in 

Electronic  Equipment 

MIL-C-25050  Color,  Aeronautical  Lights  and  Lighting 

Equipment,  General  Requirements  for 

MIL-H-46855  Human  Engineering  Requirements  for 

Military  Systems,  Equipment  and 
Facilities 
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STANDARDS 

Military 

MIL-STD-100  Engineering  Drawing  Practices 

MIL-STD-130  Identification  and  Marking  of  U.S. 

Government  Property 

MIL-STD-171  Finishing  of  Metal  and  Wood  Surfaces 

MIL-STD-454  Standard  General  Requirements  for 

Electronic  Equipment 


MIL-STD-461  Electrcmagnetic  Interference 

Characteristics  Requirements  for 
Equipment 

MIL-STD-462  Electromagnetic  Interference 

Characteristics,  Measurement  of 

MIL-STD-704  Electric  Power,  Aircraft  Characteristics 

and  Utilization  of 


MIL-STD-810  Environmental  Test  Methods 

MIL- STD- 14 72  Human  Engineering  Design  Criteria  for 

Military  Systems,  Equipment  and 
Facilities 

3.  RBQUIREMnxlTS 

3.1  Item  Definition.  The  WAILS  covered  by  this  purchase  description 
shall  be  an  illumination  system  vdiich  will  be  installed  and  used  on  the 
Coast  Guard  HH-3F  helicopter  for  search  and  rescue  operations  at  night.  The 
system  shall  provide  visible  illumination  for  detection  of  various  targets 
with  a seawater  background.  The  WAILS  shall  consist  of  the  following  major 
components  which  shall  t>e  developed: 

a . Luminaires 

b . Mounting  nods 

c . Power  supply 

d.  Electrical  cables 

3.1.1  Item  diagram.  The  functional  block  diagram  of  the  WAILS  shall  be 
as  shewn  in  Figure  1. 

3.1.2  Interface  definition 

3. 1.2.1  Helicopter  systan  interface . The  contractor  shall  be  responsible 
for  complete  mechanical,  electrical, and  functional  integration  of  the  WAILS 
on  the  HH-3F  test  helicopter.  All  required  integration  hardware  shall  be 
supplied  by  the  contractor.  The  reconmended  mounting  location  for  the  mounting 
pods  and  luminaires  is  as  shown  on  Figure  2. 


3. 1.2. 2  Factional  interface  of  major  components.  The  electrical 
interconnection  diagram  for  the  \'^MLS  shall  be  as  shown  on  Figure  3. 

Functions  of  the  major  corponents  are  listed  below. 

3. 1.2. 2.1  Lupunaires . The  luminaires  shall  project  the  light  l^eam  away 
from  tlie  helicopter. 

3. 1.2. 2. 2 Mounting  pods.  The  maunting  pods  shall  attach  to  the  helicopter 
and  shall  seurve  as  the  mounting  structure  for  the  luminaires. 

3. 1.2. 2. 3 Power  supply.  The  [xjwer  supply  shall  condition  tlie  power 
obtainexi  from  the  helicopter  power  source  and  provide  ignition  power  and 
ixjwer  for  steady  state  operation  of  the  \\MLS.  The  po^^x^r  supply  shall 
also  include  the  poi\?er  switches  for  the  VBVTLS. 

3. 1.2. 2. 4 Electrical  cables.  The  eleKatrical  cables  shall  route  electrical 
pokier  from  the  helicopter  power  source  to  the  power  supply  and  from  the 
power  supply  to  the  luminaires. 

3.1.3  Major  components  list.  The  following  major  components  of  the  VMLS 
are  all  defined  in  this  purcliase  description. 

a.  Luminaires 

b.  .'«tountinq  pods 

c.  Povver  supply 

d . Electrical  cables 

3-1.4  Government  furnished  property  list,  ffo  Government  furnished  property 
is  required  to  be  incorporated  in  the  design  of  the  l#JLS. 

3.1.5  Government  loaned  property  list.  Ho  Government  loaned  property  is 
anticipated. 

3.2  Characteristics 

3.2.1  Performance 

3. 2. 1.1  Starting,  normal  operation  and  restarting.  The  lanps  of  the 
luminaires  shall  ignite  and  maintain  ignition  v/ithin  0.5  minute  after  application 
of  ignition  power  under  any  environment  specified  herein.  The  lamps  shall  emit 
at  least  80  percent  of  their  full  light  output  v/ithin  5 minutes  after  appli- 

i cation  of  ignition  power  under  any  environment  specified  herein.  Total  system 

power  consunpt ion  shall  not  exceed  10  KVA.  The  lanps  shall  be  capable  of 
! reignition  within  no  more  than  five  minutes  after  po\-jer  shut-off. 

3. 2.1. 2 Cooling . The  luminaires  and  maunting  pods  shall  be  designed  such 
that  the  tenperature  of  the  outer  metal  surface  of  the  combination  shall  not 
exceed  60  when  operating  under  standard  ambient  conditions  as  stated  in  mh- 
STD-810  for  a period  of  at  least  15  minutes  after  ignition.  Also,  operation 
of  the  WTiELS  on  the  helicopter  for  a period  of  at  least  15  minutes  shall  not 
result  in  an  increase  in  the  aircraft  skin  tenperature  of  more  than  10  “^C. 
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3. 2. 1.3  Illumination.  The  VJAILS  shall  be  desiqned  to  provide  illumination 
of  at  least  0.02  foot  c^lndles  over  an  area  of  at  least  8.0  x 10®  square  feet 
on  each  side  of  the  helicopter  (IG.O  x 10®  ft^  total)  v/itli  tlie  helicopter 
operating  at  an  altitude  of  500  feet.  Illumination  shall  1x3  orovided  frcm 
directly  under  the  lielicopter  to  a distance  of  0.5  mile  (2640  feet)  to  each 
side  of  the  helicopter  at  this  altitude. 


3. 2. 1.4  Total  flux.  The  total  light  flux  emitted  by  the  lanps  of  the  IJAILS 
slTall  be  at  least  12.0  x lO-*  lumens.  Total  usable  flux  emitted  frcm  the 
luminaires  shall  be  at  least  6.0  x 10^  lumens. 


3. 2. 1.5  Azimuthal  beamspread.  The  azimuthal  beamspread  (see  6.3)  of  the 
I'lAILS  shall  Ixe  at  least  80  degress  but  not  more  than  120  degrees.  The 
centerline  of  the  beam  in  azimuth  shall  be  perpendicular  to  the  axis  of  the 
helicopter  (See  Figure  4). 

3.2.2  Physical  characteristics 

3. 2. 2.1  Size.  Size  of  the  I2AILS  conponents  shall  be  as  specified  in  3.5. 

3. 2. 2. 2 t-Jeight . Total  weight  of  the  ^^iAILS  shall  not  exceed  250  pounds. 

3.2.2. 3 Fewer  switches.  The  power  supply  shall  include  two  pov;er  s\'^itches. 
One  switch  shall  control  power  to  the  luminaires  v/hich  illuminate  the  area 
on  the  starboard  side  of  the  helicopter.  The  other  switch  sliall  control 
power  to  tlie  luminaires  which  illuminate  the  area  on  the  port  side  of  the 
helicopter.  These  switches  may  also  be  the  manually  resettable  overload 
protection  devices  referred  to  in  3 . 3 . 2 . 5 . 

3. 2. 2. 4 Indicator  lamps.  Green  indicator  lanps  shall  he  provided  on  the 
po\^er  supply  to  indicate  when  the  lanps  in  the  luminaires  are  lit.  One 
indicator  lamp  shall  be  provided  for  each  luminaire.  The  color  of  the 
indicator  lights  shall  be  in  accordance  with  MIL-C-25050. 

3. 2. 2. 5 Elapsed  time  meters.  Two  elapsed  time  meters  shall  be  provided  to 
indicate  total  on-time  for  each  bank  of  luminaires.  The  meters  shall  be 
mounted  on  the  pcv;er  supply. 

3.2.3  Reliability.  As  a design  objective,  the  reliability  of  tlie  VJAILS  shall 
exhibit  a minimum  mean-time-between-failures  (fTTBF)  of  at  least  1000  hours. 


3.2.4  Maintainability.  The  I'JAILS  shall  have  easy  access  for  relanping  and 
other  maintenance  operations.  The  power  supply  and  luminaires  shall  have 
appropriate  test  points  provided  for  troubleshooting  procedure.^  in  accordance 
with  paragraph  5.9  of  MIL-FTD-  1472.  Only  cemmon  hand  tools  and  test  equipment 
shall  be  required  for  maintenance  of  the  WMLS. 

3.2.5  Environment  conditions.  The  WMLS  shall  conply  with  all  the  requirements 
and  not  sustain  damage  (s€3e  6.3)  vdien  subjected  to  the  environmental  conditions 
listed  below. 
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3. 2. 5.1  Humidity.  The  ecfuipment  shall  be  operable  and  provide  satisfactory 
operation  after  canpletion  of  Method  507,  Procedure  II  of  MIL-STD-810. 

3. 2. 5. 2 Vibration.  The  equipment  shall  be  operable  without  degradation  in 
specified  performance,  and  shall  sustain  no  damage,  when  exposed  to  vibration 
levels  up  to  2g's  over  a frequency  range  of  5 to  500  cps.  when  using  Procedure 
I,  Method  514  of  MIL-3TD-810. 

3.2. 5. 3 Shock.  The  equipment  shall  be  designed  to  withstand  20g  shock  input 
without  damage.  In  addition,  the  equipment  mounting  devices  with  maximum  rated 
load  applied  shall  withstand  40g  shock  input  without  physical  failure,  however, 
bending  and  distortion  shall  be  permitted.  Shock  pulses  shall  be  in  accordance 
with  ^aL-S^>-810,  Method  516.  The  equipment  shall  also  not  be  damaged  by  impact 
with  the  water  at  a velocity  of  500  feet  per  minute.  Testing  for  this  require- 
ment is  not  required. 

3. 2. 5. 4 Sand  and  dust.  The  equipment  sliall  be  designei  to  be  resistant  to 
malfunction  fran  blowing  fine  sand  and  dust  particles,  as  specified  in 
Prccedure  I,  Steps  1 and  4 of  Method  510,  MIL-STD-810.  Testing  for  this 
requironent  is  not  required. 

3. 2.  5. 5 Rain.  The  V^IAILS  shall  be  capable  of  operating  after  being  exposed 
to  heavy  rain  as  encountered  on  the  ground  or  during  flight.  Testing  for  this 
requirement  is  not  required. 

3. 2.  5. 6 Inpersiqn^  The  V’lAILS  shall  be  designed  to  function  as  specified 
when  iimersed  in  salt  water  in  accordance  with  the  procedures  as  specified 
in  Method  512  in  MIL-STD-810. 

3. 2. 5.7  Explosive  atmosphere.  The  \aJA1LS  shall  not  cause  ignition  of  an  ambient- 
explosive-gaseous  moisture  with  air  vdien  operating  in  such  an  atmosphere. 
(MIL-STD-810,  Method  511.1  Procedure  I). 

3. 2. 5. 8 Tenperature  - altitude.  The  V'TMLS  shall  be  capable  of  continuous 
operation  over  a tenperature  range  of  -35 to  +55  under  combined  tenperature 
altitude  conditions  of  Method  504,  Procedure  I of  MIL-STD-810  for  equipment  Class 
lA. 


3 . 3 Design  ^d  cqnstructicm 

3.3.1  Materials^ processes  and  parts.  All  parts,  materials  and  processes 
used  in  the  construction  of  the  searchlight  shall  be  in  accordance  with 
MIL-P-11268. 

3. 3. 1.1  Responsibility  for  part  and  material  selection.  The  selection  of  the 
class,  grade  or  type  of  part  or  material  shall  be  such  that  when  installed  in 
the  searchlight,  the  part  or  material  shall  perform  its  intended  function. 
Unless  otherwise  specified  herein,  parts  and  materials  shall  be  selected  biv’ 
the  contractor,  subject  to  the  requirements  of  this  specification. 
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3. 3. 1.2  lYoataiiont  and  painting.  All  mstal  curfacx^s  except  for 
elcictrical  contacts  shall  be  treated  to  prevent  corrosion  and  electrolytic 
action  between  dissiiailcxr  inctals.  External  metal  surfaces  shall  be 
treatCKi  in  accordance  witli  s[X?cif  ication  MlL-STD-171.  Since  tJie  system 
will  be  ofx?ratinq  in  a salt  water  environment,  sf>ecial  care  shall  be  taken 
iji  tlie  selection  of  materials  (metals)  ajid  treatiicnt  thereof  wtiich  will 
resist  tiiis  caustic  environment. 

3.3.2  Poever . The  WAILS  shall  receive  its  elexrtrical  poever  fron 
the  helicopter  and  shall  lx?  fully  compatible  witJi  tiie  availeilDlo  aircraft 
pcwvr.  It  shall  ojxjrate  in  accordance  witJi  the  provisions  of  MIL-STD-704. 

Tlie  system  shall  operate  and  maintain  minimum  pcrfomvnce  rrxTuirements 
during  abnormal  operation  of  the  electrical  system  as  specifieel  in  MIL-STD- 
704.  Monmtary  loss  of  pou’er  shall  not  preclude  reignition  of  the  lamps 
and  shall  not  cause  the  mission  to  be  aborted.  Tlie  following  electrical 
power  will  be  made  available  for  the  system  use: 

Power  Form  Maximum  Available  Power 

115/208  VAC,  400  HZ,  3 Pliase  10  KVA 

3. 3. 2.1  Protection  against  AC  phase  reversal  daiimge.  Provision  shall 
be  made  to  prevent  phase  reversal  from  damaging  tJ?e  \"JAILS. 

3. 3. 2. 2 Wiring.  All  electrical  wiring  shall  meet  tlie  requirements 
of  MIL-W-5088. 

3. 3. 2. 3 Cables  and  connectors.  The  WiMI^  shall  be  designed  for  the 
use  of  cables  and  connectors  in  accordance  with  MIIj-E-5400  and  also  to 
operate  satisfactorily  using  external  wiring  designed  in  accordance  with 
tJie  applicable  requirements  of  MIL-W-5088.  External  wiring  shall  be 
unshielded,  except  that  a minimum  number  of  individual  wires  nmy  be 
shielded  when  demonstrated  as  necessary  to  meet  the  interference  control 
requirements,  ;ind  provided  the  assembly  of  the  cable  to  its  plugs  may  be 
easily  accoiplished. 

3. 3. 2. 4 Bondijig  and  grounding.  The  V^LS  shall  have  adeejuate  provisions 
for  lx?nding  to  the  aircraft  structure  and  achieving  tJie  2.5  milliohms 
bonding  imixxlanco  specified  in  paragraph  3. 3. 5.1  of  MIL-n-5087.  Bonding 
shall  not  bo  accomplished  through  screws  connecting  the  equipment  to  mounting 
racks.  Shock -mounted  ocjuii?n)ent  and  those  employing  vibration  isolators  must 
utilize  bonding  straps  to  byjjass  the  mount  or  isolator  and  achieve  a lex? 
inux-donco  bond  to  the  ec^uipment  ground  plane.  Bonding  techniejues  emjJloyed 
shall  bo  in  accordance  w’itli  MIL-B-5087,  and  shall  not  iiTipede  maintainability 
nor  adversely  affect  interclaangeability  of  equipment  as  installed  in  tlie 
aircraft. 


3. 3. 2. 5 Electrical  overload  protection.  Tlio  V'JAILS  shall  contain  over- 

load protection  devices  for  ail  internal  [xx?er  supplies  which  could  be 
damagex]  by  sureje  sliort  or  ojon  circuit  load,  'fhe  protection  devices  shall 
be  automatically  resettable  wlien  overload  conditions  cease  to  exist  in 
accordance  wiUi  MIL-STD-704.  The  WMLS  shall  also  have  manually  resettable 
overload  protection  devices  to  protect  tlie  aircraft  power  system. 
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3. 3. 2. 6  Undervoltage  protection.  The  WMLS  shall  not  be  damaged 
by  voltages  below  the  miniirajm  specified  in  MIL-STD-704  and  shall 
automatically  resume  normal  operation  vdien  the  voltage  returns  to  the 
specified  limits. 

3.3.3  Hermetically  sealed  semiconductors  and  integrated  electronics. 

Only  hermetically  sealed  (non-plastic)  packages  of  semiconductor  devices, 
used  either  as  discrete  or  as  integrated  electronics,  shall  be  utilized 
in  this  equipment. 

3.3.4  Insulating  and  impregnating  oonpounds.  Insulating  and  im- 
pregnating oonpounds  shall  not  support  rapid  cc*±)ustion.  (MIL- STD-4 54) 
Impregnating  compounds  shall  not  lessen  the  dielectric  strength  of,  or 
cause  injurious  effects  to  the  insulation.  Impregnating  oonpounds  shall 
not  cause  corrosion  of  deterioration  of  adjacent  metal  or  plastic  parts, 
either  on  original  application  or  as  a result  of  aging. 

3.3.5  Fungus  moisture  resistance  and  salt  fog.  The  electrical 
circuitry,  including  all  components  and  connections,  shall  be  protected 
from  the  effects  of  moisture,  fungus  growth  and  salt  fog  by  an  overall 
treatment  conforming  to  specification  MIL-T-152  Type  II  limited  treatment 
excepting  that  components  of  circuit  elements  that  are  inherently  fungus 
and  moisture  resistant  or  which  are  hermetically  sealed  need  not  be  treated. 

3.3.6  Electromagnetic  radiation.  The  electronagnetic  cempatibility 
of  the  WMLS  shall  conform  to  MIL-STD-461  equipnent  Class  ID  except  during 
ignition.  When  integrated  into  the  aircraft,  the  WMLS  shall  meet  the 
requirements  of  MIL-E-6051  and  MIL- 1-6181. 

3.3.7  Nameplates  and  product  marking.  The  WMLS  shall  be  identified 
and  marked  in  accordance  with  MIL-STD-130.  Transfer  type  decalccmanias 
shall  not  be  used.  Reference  designation  markings  shall  be  permanent  and 
legible.  Plastic  or  metallic  material  shall  be  marked  by  stanping,  engraving, 
silk  screening,  stenciling  or  by  applying  smudgeproof  ink  covered  by  a clear 
coat  of  lacquer. 

3.3.8  Wbr)<3Tianship.  Workmanship  shall  be  in  accordance  with  require- 
ments of  MIL-STD-454.  Joints  or  seams  shall  fit  tightly.  Edges  shall  be 
finished  smoothly.  Ml  parts  and  cenponents  of  the  searchlight  shall  be 
free  from  dirt  or  other  extraneous  material  and  from  defects  of  workmanship 
that  would  impair  the  performance  of  the  searchlight. 

3.3.9  Interchangeability.  Assemblies  and  parts  shall  be  functionally 
and  dimensionally  interchangeable  without  selective  assembly  in  accordance 
with  the  requirements  of  MIL-STD-454.  The  mounting  hardware  for  the  WAILS 
shall  have  sufficient  adjustment  range  to  allow  for  proper  installation  on 
any  Coast  Guard  HH-3F  helicopter. 

3.3.10  Safety . The  WMLS  shall  be  designed  and  fabricated  to  prevent 
injury  to  operating  and  maintenance  personnel.  Ml  corponents  shall  con- 
form to  requirement  1 of  MIL-STD-454.  The  wiring  shall  be  effectively 
shielded,  guarded,  interlocked  or  marked  to  protect  personnel  from  electrical 
shock  hazard. 
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3.3.11  Human  performanceAiuman  engineering.  The  searchlight  shall 
be  designed  to  meet  the  human  perform^ceAium^  engineering  requiranents 
of  MIL-H-46855  and  MIL-STD-1472. 

3.4  Documentation . The  WMLS  shall  be  documented  by  drawings  pre- 
pared in  accordance  with  MIL-D-1000  and  MIL-STD-100,  Level  1. 

3.5  Major  canponent  characteristics.  The  performance  and  physical 
characteristics  of  the  major  coiponents  shall  be  as  specified  in  the  following 
paragraphs : 

3.5.1  Luminaires . The  luminaires  shall  have  a lanp,  a lanp  holder/socket 
assembly,  a reflector,  a housing,  a cover  plate  and  an  electrical  connector. 

The  luminaire  shall  be  well  gasketed  and  sealed  so  as  to  be  water  tight.  The 
luminaire  shall  be  designed  so  that  the  product  of  the  collection,  reflection 
and  window  transmission  efficiencies  shall  be  at  least  50  percent. 

3. 5. 1.1  Lanp.  The  lamp  shall  be  a high  pressure  sodium  vapor  arc  lanp. 

3. 5. 1.2  Lamp  holder/socket  assembly.  The  lamp  holder/socket  assembly 
shall  hold  the  lamp  securely,  prevent  excessive  vibration  and  allow  easy 
removal  and  replacement  of  the  lamp. 

3.5. 1.3  Reflector (s) . The  reflector (s)  shall  be  of  the  specular  type  with 
average  reflectance  in  the  visible  (wavelength  range  400  to  750  nanometers) 

of  at  least  80  percent.  The  reflector (s)  shall  be  designed  to  collect  at 
least  65  percent  of  the  light  emitted  by  the  lamp. 

3. 5. 1.4  Itousing.  The  housing  of  the  luminaire  shall  be  made  of  cast 
aluminum  in  accordance  with  MIL-C-6021.  It  shall  include  hardware  for  mounting 
the  complete  luminaire  to  the  mounting  rack  and  for  adjustment  of  the  luminaire 
orientation  to  vary  the  position  of  the  beam  in  elevation. 

3. 5. 1.5  Cover  plate.  The  cover  plate  shall  be  hinged  for  access  for 
relamping  and  shall  have  a clear  flat  glass  window  cap>able  of  withstanding  the 
thermal  shock  specified  herein. 

3.5.2  Mounting  pods . The  mounting  pods  shall  be  cap>able  of  quick  attach- 
ment and  detachment  from  the  hard  points  on  the  helicopter. 

3.5.3  Power  supply.  The  power  sufply  shall  have  a volumetric  displace- 
ment of  no  more  than  5.0  cubic  feet. 

3.5.4  Electrical  cables.  Electrical  cables  shall  be  of  a length  for 
proper  installation  and  operation  of  the  WilLS  on  the  helicopter. 

3.6  Precedence.  In  the  event  of  conflict  between  this  purchase 
description  and  any  document  referenced  herein,  the  requirements  of  this 
purchase  description  shall  govern.  The  characteristics  of  the  searchlight 
shall  have  priority  as  follows : 


a.  Performance 

b.  Safety 

c.  Reliability 

d.  Ifaintainability 

e.  Ituman  Factors 

f.  Weight 

g.  Size 


3.7  Test?  plan.  The  contractor  shall  submit  for  the  Contracting  Officer's 
revie^'and  approval  a complete  test  plan  and  test  specifications  covering 
all  initial  quality  assurance  tests  required  to  demonstrate  cotpliance 
with  the  requirements  of  tliis  specification.  The  test  plan  shall  outline 
all  test  devices,  test  facilities,  methods,  procedures,  sequences,  extent 
of  test  data  to  be  obtained  and  methods  of  data  presentation.  Electronic 
test  equipment  to  be  used  shall  be  identified  by  manufacturer  and  type. 

The  contractor  shall  devise  a test  method  for  submission  with  the  test  plan 
for  approval  by  the  Contracting  Officer's  Technical  Representative  (COTR) 
where  a test  is  required  in  Table  4-1  but  v^ere  a test  for  the  requirement 
is  not  defined  herein. 

4.  QUALITY  ASSURAtJCE  PROVISIONS 

4.1  Responsibility  for  Inspection.  The  contractor  shall  be  responsible  for 
all  inspection  requirements  as  specified  herein.  Except  as  otherwise  s^c- 
ified,  the  contractor  may  utilize  his  own  or  any  other  inspection  facilities 
and  services  acceptable  to  the  Government.  Records  of  tests  shall  be  kept 
complete  and  available  for  government  review.  The  Government  reserves 

the  right  to  perform  any  of  tlie  inspections  set  forth  in  this  purchase 
description  where  such  inspections  are  deemed  necessary  to  assure  supplies 
and  services  conform  to  specified  r€>quirements . 

4.1.1  Reviews.  An  informl  review  of  applicable  design  parameters  shall 
be  made  by  contractor  engineering  personnel  with  the  COTR  to  verify  that 
the  equipment  final  configuration  meets  the  requiranents  specified  in  Table 
4-1,  to  be  verified  by  "Review". 

4. 1.1. 2 Examinations.  Examinations  shall  consist  of  a visual  examination 
of  the  unit,  subassembly,  or  ccxrponent,  by  the  contractor  quality  assurance 
inspector  and/or  the  COTR  to  show  compliance  to  the  recruirements  soecified 
in  Table  4-1,  to  be  verified  by  "Exam".  An  item  sliall  )ye  entered  in  die 
quality  control  history  record  for  each  equipment  to  be  verified  Itv  exam- 
ination. 

4. 1.1. 3 System  Tests . Acceptance  tests  shall  be  conducted  by  contractor 
test  personnel  ard  observed  by  the  contractor  quality  assurance  instpector 
or  die  COTR  to  slio^;  compliance  to  the  recjuirenents  specified  in  Table  4-1 

to  be  verified  by  "TEST".  The  results  of  the  acceptance  tests  shall  on<-ored 
in  the  contractors  appropriate  files  eind  reported  in  the  Acceptance  Test  report. 

4. 1.1. 4 Demons tra t ion . Demonstrations  shall  be  conducted  by  contractor 
personnel  and  observed  by  contractor  quality  assurance,  and/or  a COTR  desionated 
representative  to  shew  ccmpliance  to  ^e  requirements  snecified  in  Table  4-1 

to  be  verified  by  "DE3'1D". 
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TABLE  4-1 


Quality  Confonnance 


Re<;juircjnant 

Poraqraph 

Rotjui  rcmcnt 

Review 

Exam 

Test 

Demo 

3. 2, 1.1 

Stiirtinq,  nonral  operation 
aixl  rcstcirtiny 

X 

3. 2. 1.2 

Cooling 

X 

3. 2. 1.3 

Illumination 

X 

X 

3. 2. 1.4 

Ttital  flux 

X 

X 

3. 2. 1.5 

Azimuthal  beamspread 

X 

X 

3. 2. 2. 2 

Weight 

X 

3. 2. 2. 3 

Fewer  switches 

X 

3. 2. 2. 4 

Indicator  lair^os 

X 

3. 2. 2. 5 

Elapsed  time  nx?ters 

X 

3.2.3 

Reliability 

X 

3.2.4 

Maintainability 

X 

3. 2. 5.1 

Humidity 

X 

3. 2. 5. 2 

Vibration 

X 

3. 2. 5. 3 

Shock 

X. 

3. 2. 5. 4 

Sand  and  dust 

X 

3. 2. 5. 5 

Rain 

X 

3. 2. 5. 6 

InTTfrsion 

X 

3. 2. 5. 7 

Explosive  atmospliore 

X 

3. 2. 5. 8 

Temi>arature-altitude 

X 

3.3.1 

f4aterials,  processes  and  jxarts 

X 

3. 3. 1.2 

Treatavent  eind  {Minting 

X 
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Recjuir  Client 
Paraqraph 

Requirement  Revic-w 

3.3.2 

Fewer 

X 

3. 3. 2.1 

Protection  against  AC 
pJiase  reversal  daiiogo 

X 

3. 3. 2. 2 

Wiring 

X 

3. 3. 2. 3 

Cables  and  connectors 

X 

3. 3. 2. 4 

tending  and  grounding 

V 

3. 3. 2. 5 

Electrical  overload 
Protection 

X 

3. 3. 2. 6 

Undervoltage  protection 

X 

3.3.3 

Hermetically  sealed  semi- 
conductors and  integrated 
electronics 

X 

3.3.4 

Insulating  and  inpreejna- 
ting  compounds 

X 

3.3.5 

I'ung’js,  moisture 
resistance  and  salt  fog 

X 

3.3.6 

Electromagnetic  radiation 

3.3.7 

Naneplates  and  product 
marking 

3.3.8 

Worknanship 

3.3.9 

In  terchangeabi li ty 

X 

3.3.10 

Safety 

X 

3.3.11 

Human  pcrformance/human 
engineering 

X 

3.4 

Documentation 

X 

3.5.1 

Luminaires 

X 

3. 5. 1.1 

Lamp 

X 

3. 5. 1.2 

Lanp  ho] dor/socket 
assembly 

X 

3. 5. 1.3 

Reflector (s) 

X 
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Retmairement 

P^lragraph 

Requirement 

Review 

Exam 

3. 5.1.4 

Housing 

X 

X 

3. 5. 1.5 

Coverplate 

X 

X 

3.5.2 

Mounting  pods 

X 

X 

3.5.3 

Power  supply 

X 

X 

3.5.4 

Electrical  cables 

X 

X 

4.2  Inspection  procedures.  The  fol leaving  procedures  and  methods  shall 
be  used  for  the  reviev/s,  examinations,  test  and  demonstrations  specified  in 
Table  4-1.  l>/here  procedures  are  not  listed  below,  the  contractor  shall 
devise  procedures  to  be  submitted  as  part  of  the  test  plan  for  approval  by 
the  OOTR.  Basis  for  acceptance  or  rejection  shall  be  conformiance  with  the 
applicjible  requirement  listed  Section  3. 

4.2.1  Starting,  normal  operation  and  restarting.  The  contractor  shall 
devise  a demonstration  procedure  acceptable  to  the  COTR  which  incorporates 
the  follcwing  steps: 

a.  With  required  power  input,  switch  the  power  switches  of  the  14AILS 
to  tlie  "on"  position. 

b.  r-feasure  time  to  ignite  and  reach  80  percent  of  full  light  output. 

c.  Operate  V<?VILS  continuously  for  a minimum  of  1 hour. 

d.  Switch  f^CT-rer  off. 

e.  Switch  pov/er  on  again. 

f.  Measure  time  for  reignition. 

4.2.2  Cooling.  The  outer  metal  housing  of  a mounting  pod/luminaires  com- 
bination shall  be  instrumented  with  a pyrometer.  The  WAILS  sliall  be  ignited. 
Temperature  of  the  housing  shall  be  measured  after  15  minutes  of  operation. 

4.2.3  Illumination.  The  contractor  shall  devise  a test  acceptable  to  the 
COTR  that  will  provide  the  far- field  intensity  distribution  of  the  WAILS 

and  show  analytically  wliat  illumination  distribution  \^ould  be  obtained  on  the 
water  with  the  helicopter  operating  at  an  altitude  of  500  feet,  assuming 
atmospheric  visibility  of  0 kilometers, 

4.2.4  Total  flux.  The  contractor  shall  devise  a method  acceptable  to  the 
COTR  for  determining  the  total  flux  of  the  lamps  of  the  WAILS  arx3  to  show 
analytically  what  the  useable  flux  from  the  WAILS  is. 
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4.2.5  A2:iniiit.h:il  bc'anvsprc'ad . 'llio  contractor  shall  devise  a method 

accci^toble  to  tlie  lor  tk-tenninincj  tiie  for-fioid  aziinullial  Ixsamsprcad 

of  tlie  V\’AILS.  'Ihe  azimuthal  Ixemrspread  sliall  be  detomined  for  every 

15  dcijreo  increiivjnt  from  a direction  pt.-rix-ndicular  to  tlie  water  as  mounted 
on  tlie  holiooptcr  to  75  decjreos  frcsn  tJic  per^xindicular . 

4.2.6  Vfeiqht.  The  weight  of  tlie  total  i'iMIjS  shall  be  determined 
to  within  an  accuracy'  of  +2  [Xiunds. 

4.2.7  Pov-.'pr  f^vitchos.  Tlie  contractor  shall  demonstrate  in  the 

presence  of  the  C(jht  that  tlie  power  switclies  operate  the  appropriate  ban.ks 
of  liruinaires  as  sjxicificd. 

4.2.8  Indicator  lcim{js.  Hie  contractor  shall  demonstrate  in  tlie 

presence  of  tlie  COT'R  tliat  the  indicator  lairps  light  wlien  the  appropriate 
luminaires  are  lit. 

4.2.9  Elapsed  tiiTXj  meters.  Tlie  contractor  shall  demonstrate  that  the 
elajised  time  meters  function  as  specified  for  their  respective  banks  of 
luminaires. 

4.2.10  Reli£ibility.  Tl'ie  contractor  shall  provide  engineering  data 

sufficient  to  show  tliat  tlie  MITF  of  tiie  VilTilLS  should  be  at  least  1000  hours. 

4.2.11  Maintainability.  Hie  contractor  shall  demonstrate  releimpinc; 
of  tlie  WAILS  luiiTLnaires  and  other  maintenance  operations  by  use  of  ooninonly 
available  tools. 

4.2.12  Humidity.  Method  507,  Procedure  II  of  MIL-STD-GIO. 

4.2.13  Vibration.  Method  514,  Procedure  I,  of  MIL- STD-810. 

4.2.14  Shock . The  contractor  shall  provide  engineering  data 
sufficient  to  show  tliat  the  WAILS  v/ill  conform  witli  the  shock  requirement. 

4.2.15  Sand  and  dust.  Hie  contractor  shall  provide  data  to  shew 

that  the  V'lAILS  will  witlistand  tlie  required  sand  and  dust  environment  witliout 
damage. 


li 

(I 


4.2.16  Rain.  The  contractor  shall  provide  data  to  show  that  tlie 
WAILS  will  withstand  the  roquired^rain  environment  without  damage. 

4.2.17  Imixjrsion.  Method  512  of  MIL- STD-10,  imersion  in  salt 
water . 

4.2.18  Explosive  atmosphere.  The  contractor  shall  provide  evidence 

that  tlie  WAILS  will  meet  tlie  explosive  atmosphere  requirement. 

4.2.19  Tcmporature-alti tude . Method  504,  Procedure  I of  MIL-STO-810 

for  equipment  Class  lA. 
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4.2.20  Materials,  procx^ssos  and  parts.  Tlic  cx)ntractx>r  shall 
provide  dato  sufticicnL  to  shcAv  tJviit  tJie  WAILS  design  nxx'ts  tJia  nvitorials, 
processes  iuxi  parts  rcK]uiran?Jits. 

4.2.21  contractor  shall  provide  evidence  tiiat  ti>_'  '.vAlI5 
has  been  desicjned  for  the  iX7/.vr  recrairtxi,  nas  cne  required  phase  reversal 
protection,  overload  protection  and  undervoltage  protection. 

4.2.22  Circi.iitiqy’.  The  circuitry  shall  be  examined  in  the  presence 
of  tJie  COTR  and  data  shall  be  presented  to  shew  that  Uie  require  ■men  ts  for 
cables  and  connectors,  bonding  and  grounding  and  iiemvjtically  sealed  semi- 
conduc!  orr.  and  int. 'jrated  clt  ctroriics  ase  i r*.. 

4.2.23  Treatment Tlie  contractor  shall  present  evideno’  to  she?,-; 
tliat  the  rec]uirenen’ts  for  insulatijig  aiid  impregnating  connpOLuids  ajKJ  fun^jus, 
iToisture  and  salt  fog  troatiTient  are  met. 

4.2.24  Electromagnetic  interference.  Testing  of  the  \*JAILS  siiall  be 
in  accordance  with  MIL-S'l'D-462,  equipment  Class  ID. 

4.2.25  Nameplates  and  marking.  Tlie  i'^.LS  shall  be  extomined  in  the 
presence  of  tlie  cyi’R  to  determine  conformance  with  the  requirenvent. 

4.2.26  l‘torkmanslu|J.  The  V'17iII£  shall  be  examined  in  tlie  presence 

of  tlie  COn^  to  determine  confomunce  witli  thej  reejui  remant . 

4.2.27  Interchaigeability . Tlie  contractor  shall  present  evidence 
that  parts  of  the  I'lAILS  are  interchangeable  in  accordaice  witli  the 
requireivont . 

4.2.28  Safety  and  human  factors.  Hie  WAILS  shall  be  examined  in 
the  presence  of  tlie  GDIR  and  evidence  sliall  be  presented  that  the  design 
meets  tJie  safety  and  human  iierformance/huivian  engineering  requirenKints . 

4.2.29  Documentation.  Documentation  shall  bo  reviewed  in  the 
presence  of  tlie  COiH  to  determine  conformance  with,  tlie  requirement. 

4.2.30  Major  parts.  All  mjor  parts  and  assemblies  shall  bo 

examined  in  the  presence  of  the  CdlR  to  determine  conformance  wi th  the 
re<iuirenxints  of  paragraph  3.5. 


5.  PRn^ARATTOM  FOR  DlhTVlTlY 

5.1  Packaging.  The  WAIIS  shall  bo  packaged  separately  in  accxirdance 
with  best  cuniorcial  practice  to  ensure  safe  deliver^'  ^uld  to  witlistand 
normal  h.andling  and  storage  practices.  Installation  instructions  shall  be 
provided  upon  receipt  of  the  system. 


tl;e  fol leaving  infornution  in  sucli  a manner  tint  the  markings  will  not 
)xxx>me  da'.iaged  when  the  jxickages  are  o{X2ned. 


Nonujnclature 
Contract  NuiTiix.'r 
Manufacturer's  name 
Majiufacturer' s serial  number 
Tissembly  date 


f 

I 

1 

I 
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6.  NOTES 

6.1  Intended  use.  The  I’ZAILS  is  intended  for  use  as  an  airborne 

lighting  systen  for  search  and  rescue  operations  at  night. 

6.2.  Ordering  data.  Procurement  documents  should  specify  the 
follovv’ing: 

a.  Title  and  date  of  this  purchase  description 

b.  Technical  publications  to  be  furnished 

c.  Any  otlier  special  conditions 

6.3  Definitions.  Terms  applicable  to  reliability,  maintainability, 

hurrtuT  factors  and  safety  shall  be  as  defined  in  MIL-STD-721.  Definitions 
of  other  terms  are  listed  i.n  tlie  subparagraphs  below. 

6.3.1  Damage . Breakage,  loosening,  shifting;  evidence  of  corrosion 
or  failure  of  any  finish,  hardware,  connection  of  component;  leakage  or 
condenscition  of  moisture  within  the  searchlight;  any  degradation  in  input  or 
output  ch.uracteristics;  or  fai.lure  to  operate  in  accordance  with  the 
reejuirements  of  this  specification. 

6.3.2  "g" . An  acceleration  or  deceleration  of  the  magniture  980.6 
centiacters  per  second  per  second. 

6.3.3  AzLmuthal  beam  intensity  distribution.  A graph  of  beam  intensity 
(in  degrees)  versus  azimutiial  ajigle  (in  degrees)  measured  in  a pleine  through 
the  axis  of  symactry  of  the  lamp. 

6.3.4  Azimuthal  beanr;pread.  The  included  angle  measured  between  t)ie 
points  at  ten  jaarcent  of  tlie  peak  intensity  on  the  azimuthal  beam  intensity 
distribution. 
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Figure  B-1.  WAILS  Functional  Block  Diagram 


Figure  B-3.  WAILS  Electrical  Interconnection  Diagram 


Figure  B-4.  WAILS  Beam  Pattern  On  Wa 


APPENDIX  C 


Section  I 


1.0  Project  Identification; 

1.1  Subject;  Wide  Area  Illumination  Syston  (WAILS) 

1.2  Contract  Ito. : 

1.3  Type  of  Test;  Operational  Acceptance  Test 

1.4  Responsible  Agency;  night  Vision  Laboratory,  Fort  Belvoir,  VA. 

1.5  Classification;  UNCLASSIFIED 


Section  II 


2.0  General; 

2.1  Introduction;  The  WAILS  is  an  illumination  systems  v^ich  will 
be  installed  and  used  on  the  Coast  Guard  HH-3F  helicopter  as  shotm  in  figure 
2 of  the  purchase  description. 

2.2  Sccpe;  Described  herein  is  the  Operational  Acceptance  Test  Plan 
for  the  WAILS.  This  test  program  will  be  conducted  at  the  Night  Vision 
Laboratory  (JJVL)  or  facilities  remote  to  NVL,  but  under  the  supervision  and 
control  of  IJVL  personnel. 

2.3  Objective;  The  purpose  of  this  test  is  to  conplete  in.sp^tion 

for  Government  acceptance,  to  determine  operational  utility  of  the  WAILS  and  to 
identify  any  operational  deficiencies  which  might  require  design  changes  in 
later  models. 

2.4  Description;  The  WAILS  is  a wide  area  illumination  system  mounted 
on  the  HH-3F  helicopter  to  aid  in  search  and  rescue  cperations  at  night.  This 
system  consists  of  two  banks  of  luminaires  mounted  as  per  the  purchase  description  , 
plus  a power  supply  and  associated  electrical  cables. 

Section  III 


3.0  Details  of  Tests; 


3.1  General;  This  test  will  cover  the  operational  testing  to  be  per- 
formed by  Government  personnel  on  the  WAILS  after  delivery  and  installation  of 


the  system  by  the  contractor  on  the  HH-3F  test  aircraft.  Acceptance  testing  to 
be  performed  by  the  contractor  at  his  plant  will  be  acccnplished  in  accordance 
with  the  detailed  test  plan  to  be  contractor  generated  and  Government  approved 
in  accordance  with  the  development  contract.  This  test  will  cover  four  (4) 
areas,  and  will  consist  of  Examination,  Operational  Checkout,  Flight  Checkout 
and  Night  Search  and  Resuce  Simulation. 

3.2  Failure  Criteria:  Failure  is  defined  as  breakage,  loosening  or 

shifting  of  any  coiponent,  or  the  inability  to  meet  any  of  the  specifications 
set  forth  in  the  purchase  description. 

3.3  Test  Report;  A final  report  will  tie  written  at  the  conclusion 
of  the  test.  Interim  reports  will  not  be  submitted.  Data  on  each  test,  how- 
ever, will  be  available  to  authorized  agencies  upon  request  through  proper 
channels. 


3.4  Examination ; The  entire  IaMLS  shall  be  examined  in  order  to  deter- 
mine if  damge  has  resulted  fron  sliipping  or  installation.  To  confirm  that  the 
WAILS  installation  is  secure,  safe  for  operation,  and  satisfactorily  interfaced; 
and  to  determine  if  the  system  meets  all  requirements  of  the  purchase  description 
that  can  be  performed  by  physical  inspection. 

3. 5 Operational  Checkout: 

3.5.1  Ground  Checks.  With  the  aircraft  on  the  ground  and  engines 
running,  each  bank  of  luminaires  shall  be  turned  on  and  checked  for  proper 
ignition  and  operation. 


1 3. 5. 1.1  Starting  and  Restarting.  VJith  power  on,  ignite  the  lairps 

’ of  the  luminaires  and  measure  the  time  to  ignite  and  reach  eighty  (80)  percent 

of  full  light  output.  Run  the  WAILS  for  a minimum  of  fifteen  minutes.  Switch 
, power  off  and  then  inmediately  turn  back  on  and  measure  time  to  reignition. 

3. 5. 1.2  Cooling.  The  aircraft  skin  next  to  the  luminaires  and  pods 
shall  be  instrumented  with  a pyrometer.  The  I'JAILS  shall  be  ignited,  and  the 
change  in  skin  temperature  shall  be  measured  after  a minimum  of  15  minutes  of 
operation. 

3. 5. 1.3  Input  Power.  With  the  VJAILS  turned  on  and  the  luminaires 

‘ fired,  measure  the  total  KVA  input  power. 

3. 5. 1.4  Electrcmaqnetic  Radiation.  The  aircraft  radio,  navigation 
and  electronic  equipment  shall  be  checked  to  see  that  there  is  no  interference 
during  the  operation  of  the  WMLS. 

- 3.6  Flight  Checkout; 

3.6.1  Aerodynamic  Stability.  Starting  from  hover  and  proceeding 
in  steps  to  a minimum  of  100  knots,  the  WMLS  shall  be  checked  for  excessive 
vibration  and  any  undesirable  effects  in  the  aircraft  flight  characteristics  in- 
cluding excessive  drag. 

3.6.2.  Electromagnetic  Interference.  Repeat  procedure  listed  in 

3. 5. 1.4. 


f 


3.6.3  Thermal  Shock.  The  aircraft  shall  land  in  the  water  immediately 
after  turning  the  fxj^ver  off  to  the  luminaires  in  order  to  determine  if  the  sys- 
tan  can  withstand  the  thermal  £ind  mechanical  shock,  and  will  remain  water  tight. 
This  shall  be  done  after  operating  the  I'iAILS  for  at  least  15  minutes.  Downward 
velocity  of  the  helicopter  shall  be  no  more  than  500  feet  per  minute.  Immediately 
after  takeoff  the  \\MLS  system  will  be  turned  on  and  checked  for  proper  operation. 

3.6.4  Backscatter . During  the  testing  program  at  night , there  should 
be  noted  any  backscatter  by  the  IMLS  that  would  interfere  with  the  duties  of 
the  pilot,  copilot  or  any  crew  member. 

3.7  Night  Search  and  Rescue  Simulation  Test.  The  target  detection 
capability  of  the  l#JLS  shall  be  determined  through  a series  of  runs  under  the 
following  conditions  using  the  normal  Coast  Guard  search  and  rescue  procedures 
and  under  the  control  of  the  t'lVL  radar  system. 


Altitude : 

Velocity: 

Sea  State: 

Visibility: 

Ambient  Light  Level: 
Targets : 

Observers : 


500  feet 

50,  75,  100  knots 

Sea  State  2 (Beaufort  Scale) , 4-6  Kts  wind 
velocity  v/itli  sr^all  v/avelets  and  crest  of 
waves  of  glcssy  appearance,  not  breaking 

8 KM  (5  miles)  desired 

Full  moon.  Half  moon,  Ifo  moon 

2 ea.  16-ft.  white  fiberglass  boats, 

2 ea.  men  in  the  v/ater  witli  orange  life 
jackets 

Minimum  of  four 


Runs:  Six  runs  for  each  condition  for  each  ob- 

server, using  two  different  aspects  of  the 
target  (side  vieiv  and  front  or  back  view)  . 

Target  Distance:  Random  position  from  zero  to  2640  feet 

(.5  miles)  eitlier  side  of  the  center  line 
of  the  path  of  the  helicopter.  The  length 
of  the  test  range  will  be  5 miles. 


3.7.1  Search  Test . To  detemune  the  search  effectiveness  of  the  WMLS, 
targets  will  be  positioned  at  a known  distance  from  the  observers  and  the  air- 
craft will  be  vectored  towards  the  targets.  The  radar  will  place  and  keep  the 
aircraft  on  course  frcm  start  to  stop  of  the  run.  The  NVL  Radar  Van  will  have  a 
conplete  connunication  system  and  the  test  director  will  operate  from  tliis  van. 
The  targets  will  fall  anywhere  in  a half  mile  zone  on  each  side  of  the  aircraft 
for  a path  distance  of  5 miles.  Since  them  will  be  only 
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two  targets  of  each  tvTX>,  it  would  be  difficult  to  position  the  target  at 
random  and  keep  chantjing  the  target  over  a five  knot  [xith.  Therefore,  the 
targets  will  be'  positioned  in  two  general  locations  and  tJie  start  £ind  end  points 
of  tlie  test  raneje  will  be  moved  back  and  forth  to  give  tJie  effect  of  moving  the 
targets  along  tlie  range.  Itiis  can  only  be  accomplished  because  testing  will  Ixi 
over  v;ater  and  not  near  any  fciown  land  [xiints  tJiat  will  give  the  observers  a 
clue  as  to  where  tlie  targets  are.  This  test  will  be  done  under  control  of  tlie 
radar  system  using  a 30-inch  plotting  board.  Ihe  targets  will  be  presented  in 
two  orientations.  Tne  man  target  will  be  floating  flat  in  the  water  or  vertical 
in  the  water.  The  boat  will  show  a side  view  or  an  end  view.  Tests  will  be 
performed  using  three  different  speeds  of  tlie  aircraft  and  three  tyjxjs  of  moon. 
There  will  be  six  runs  of  each  target  under  every  condition  for  each  of  the  four 
observers  for  a total  of  462  runs.  Two  observers  (one  for  each  side  of  tJici 
aircraft)  will  be  used  with  a different  target  grouping  for  each  observer, 
thus  cutting  the  number  of  runs  in  half.  All  testing  will  be  at  an  altitude 
of  500  feet. 


3.7.2  Illumination  Data.  Illumination  level  measurements  falling 
on  the  tcurget  will  be  ttike.n  at  the  time  of  detection. 

3.7.3  Inspection . The  WAILS  v.’ill,  upon  completing  a night's 

testing  schedule,  be  thorougiily  chocked  and  inspected  for  proper  operation  and 
for  any  evidence  of  darv=ge  or  infiltration  of  water  into  the  system.  The 
elapse  tinte  n>etcr  reading  will  be  taken  and  logged  upon  the  end  of  each  testing 
day. 


3. 8 Data  Required; 

a.  KVA  input  to  the  lanps  each  night. 

b.  Light  level  on  the  target  at  detection. 

c.  Distance  from  observer  to  target  at  detection. 

d.  Aircraft  speed. 

e.  Length  of  time  for  run. 

f.  Run  number. 

g.  IVpe  of  moon. 

h.  Type  and  number  of  targets  and  aspect. 

i.  Visibility  during  test. 

j.  Observers  name  eind  position. 

k.  Sea  State 
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